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Aunujll Report of the Geological Suryet of Indu, and of tub Q>bolooioal 
Museum, Calcutta, for the tear 1884. # 

The Peninsula area. — In Sonthern India Mr. Foote began tlie season's work 
in oontinaation of the cave exploration in the Kamol 
BiLLA^UEa^^CAVES8 j^^^^^^^^ Y>ut in the middle of it he was called upon to 
undertake an exploration for coal along an intended line 
of railway between Hyderabad and the Kistna. Fortunately we were able to secure 
the services of his son, Lieutenant H. B. Foote, B. A., who had been for some 
time helping his father as an amateur cave-hunter. An interesting preliminaiy 
account of the result is published in the last number of the Records. It is on the 
whole encouraging ; a large number of bones have been secured, some of animals 
that do not now inhabit this region, some human remains and articles of human 
manufacture, the latter at the considerable depth of 16 feet, but nothing to show 
that the caves had ever been used as dwellings or as a place of sepulture. Ar- 
rangements have been sanctioned for carrying on .the work during the present 
season, after which a close examination of the whole collections should determine 
whether the search is worth continuing. 

The country between Bezv&da and the Singareni coal-field, and from the 

latter to Hyderabad, where Mr. Foote was sent to look for 

Tin HdenSId ^^» jproved, as we expected, to be all of gneissic rocks. 

The only reward for his labour was the discovery of a 

strong lode of rich iron ore close to the Singareni coal-field. An account of the 

traverse is published in the current number of the Records. 

As stated in last year's report, Dr. King took up work in the series of coal- 

CHBATTI80ARH GOAL- fields on the norfch-east confines of Chhattisgarh, especially 

viBLDB : with a view to exploration for coal near the line of the 

Dr.K^ng. projected Nagpur-Bengal Railway. The results of his 
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Bxirvey are pnblislied in the Records (XVIT, part 3). It would be impoasible to 
give any fnrtber opinion on the measures until some trial borings have been 
made ; they are now being sunk under Dr. King's direction. 

The promises made in last year's report regarding the Rewah coal-fields have 
Thx Rbwih ooAi^ hQen most successfully accomplished. The shafts put 

TIKLD8 : down on the coal in the Umaria field under Mr. Hughes' 

Mr. Su^her, direction have fully satisfied his expectations, and ener- 

getic steps are now being taken under Mr. Hughes' management to establish an 
extensive colliery there ; and a branch railway from Eatni on the Jabalpur line 
is under construction. Mr. Hughes' whole service (since 1862) has been spent 
on the Oondwana rocks, and it is most pleasing and appropriate that so fruitful 
a practical result should be in a very special manner due to his sagacity and per- 
severance. During last season Mr. Hughes also managed to complete the examina- 
tion of the southern coal-fields of the Rewah Oondw&na basin. The total area of 
exposed coal measures is no less than 1,800 square miles. The descriptive memoir 
with maps is now in the press. 

Mr. Jones joined Mr. Hughes in Januaiy. He has this season been deputed 
to survey the Pench coal-field on the south side of the S&tpura basin. 

Sub- Assistant BKra L^ gave satisfactory aid to Mr. Hughes in his survey 
operations. He has now been transferred to Dr. King. 

In the past season Mr. Bose took up new ground, in the basin of the upper 
Lowsx YnrDHTAVB, Miih&nadi. He covered a large area, but I regret to say 

Chhittisgabh : the result is exceedingly unsatisfactory. For his work 

Mr, Boi«. ^jj Nim&r there was an excellent sketch survey by Mr. Blan- 

f ord to start with, and the rocks presented no structural complications ; Mr. Bose 
has moreover such facility in expressing himself and in setting up a description that 
there was little or no room for the detection of error from a perusal of his report, 
beyond such general defect of scientific insight as I have noticed in the Preface 
to Mr. Fedden's Kattywar report (Memoirs, XXI, part 2). In Chhattisgarh, 
Mr. Bose had to break ground for himself ; and although this is by no means com- 
plicated, his attempt even to understand the problem of the rocks is extremely 
feeble ; his map is no more than a lithological index ; there is a total absence of cri- 
tical observation. In discussing the question of the employment of natives on the 
(Geological Survey of India, I have had frequent occasions to point out that our 
work is essentially scientific research and does not admit of being done by rule, with 
little or no understanding ; and that if not within measurable range of modem 
scientific standards it is worthless ; on the other hand I mentioned the fact that 
as yet no single instance had occurred of a native showing himself capable of 
original scientific work, the conclusion being that the Geological Survey was about 
the only branch of the public service in which natives could not as yet reason- 
ably find employment. I fear that Mr. Bose is no exception to this rule, al- 
though he has had the advantage of the best teaching in the scientific schools 
of England. It is quite a Darwinian puzzle. 

Sitb'Assistant Kishen Singh mapped a considerable area of Vindhyan rocks 
south of Bundi in Bijput^na, but it would be impossible to make out a present^ 
able description of the country from his notes. 
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The eastra-Peninsula area. — Mr. Oldliam has sent in full progress reports of 
Q „ last season's work in the Himalayan region, embracing a 

Jfr. Oldkam. Section from the plains to the base of the main range. In 

the Sub-Himalayan zone the following interesting points 
have been fixed : the re-disoovery of one of Colonel Oautley's most important loca- 
lities for fossils, at the entrance to the Kalawala Pass (Records, 1884, p. 78) ; the 
detection of an nnconformity in the npper Siwalik strata east of the Ganges 
(Records, 1884, p. 161), which later in the season he traced in the range west of 
the Gktnges ; bat chiefly there has to be noticed a judgment upon the ' main bound- 
ary,' that of the old rocks at the inner edge of the tertiaiy zone. This has 
been a veiy burning question, as may be seen by reference to Mr. Theobald's 
paper on the Siwaliks (Records, XIV, p. 105) ; but since the correction by Mr. 
Oldham in 1881 of a certain '' key section " near Ndhan (Records, XIY, p. 173) 
the particular yiew taken by me of the main boundary has lost its chief support, 
and the view now offered cannot be forcibly contested. The point is discussed 
with reference to the section in l^e N6n stream under Mussooree. In the 
original description of that section in 1864 (Memoirs, III, 2, p. 128) it is left 
Tory much an open question whether all the rocks there are not Siwaliks, as 
Mr. Theobald (2.c.) subsequently asserted them to be, and as Mr. Oldham now 
re-affirms. As regards the main boundary, the ' key ' aforesaid made it a very 
plausible supposition that this feature was an original contact, albeit much disguised 
by subsequent compression and faulting, whereas Mr. Oldham, by showing inver- 
sion of the inner rocks at the boundary, and other fair arguments, makes out the 
boundary to be a faulted synclinal flexure ; though it does not appear that he supposes 
the original limit of the Siwalik rocks to have been fiur north of the actual 
boundary, so that the change of view is not so great as it might seenu When the 
feature was first discussed the choice seemed to lie between the view then taken 
and sheer faulting (including under this term the reversed faulting along oblique 
plains of fracture in the axes of folded flexures); Mr. Oldham also rejects the 
reversed fault, in its plain form, on account of the absence of the crushing that 
presumably must occur, and adopts '* the supposition of a faulted synclinal flexure . 
in which the disturbance of the original relations has taken place mainly by the 
older rocks being pushed up over the newer, according to Professor Heim's theory, 
rather than by an actual shifting of the opposite faces of a fissure." The dis- 
tinction, in words, is not obvious ; and it is very difficult to imagine the process, 
seeing that the rocks on either side of the dividing plain retain their respective 
structures ; but somehow such contacts are brought about with little or none of the 
grinding action that would seem inevitable. Another veiy interesting point is 
the discovery of an outlier of Siwalik sandstone resting on crumpled slates in a low 
hill north-east of Dehra, With the single exception of a case noticed by Mr. 
Mallet in the Bhnt^ Dnirs (Memoirs, XI, p. 44) it is the only observation of a 
base-rock within the true Sub-Himalayan zone. The absence of any older teriiaiy 
beds here is particularly interesting, as almost necessarily implying their extensive 
upheaval and removal before the Siwalik period. 

Among the vastly more complex rocks of the higher hills the changes intro- 
duced are more extensive. The series of formations described in Jaunsar (Records 
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XYI, p. 193) is somewhai altered and greatly amplified, and brongbt into 
relation witli those of the Simla region. The following is Mr. Oldham's summary 
of conolnsions : — 

1. — That the Simla and Janns&r sections are not related to each other, but 
that except for some possible exposures of the Krol in Jaons&r the rocks 
on eitber have no representative on the other. 
2. — ^That the Simla section does not represent a conformable sequence, but 
that between the infra-Krol and the Blaini there are interposed (else* 
where) at least two formations, and two unconformable breaks. 
S.-^That the Deoban and Krol limestones are not the same, but that the former 

is much older than the latter. 
4— -That the Mandh^li series is older than the infra-Krol (but newer than the 

Deoban). 
5.— -That the Deoban limestone is newer than the BlainL 
6. — That the Blaini is newer than the lower-Ghakrdta. 

7. — ^That the series which last year were provisionally and doubtfully grouped 
together as Lower and Upper Ghakratas must be separated as belong- 
ing to different formations. 
8. — That the B4wars are but a special form of the basement beds of the 

infra-Krol. 
9.--That the Panj41 conglomerate occurs in this region, and it is not the 
representative of the Blaini. 
It would be unreasonable to expect that all these announcements should be 
immutable ; Mr. Oldham is certainly right in attempting free-hand tentative 
groupings, and all are based upon local evidence of variable validity. 

Those acquainted vrith it will be glad to see that the primitive series of the 
Simla section is not much interfered with at home. The Krol limestone, Krol 
quartzite, and infra-Krol carbonaceous shales still remain the highest groups of 
the lower Himalayan rock series ; and the several groups (B&war, Mandhali, 
and Deoban) separating them from their constant neighbour of the Blaini sti^am 
are not said to occur here. The discovery of a second conglomerate will greatly 
reduce the duties of the hitherto seemingly ubiquitous Blaini ; and a second strong 
limestone band to take the place of the Eirol in certain places, as in the ShiU 
mountain north of Simla, is distinctiy a relief. Mr. Oldham gives ample strati- 
graphical observation to confirm Colonel McMahon's petrological arguments that 
the ' central gneiss ' of the Ghor and some other places is truly a granite ; still 
I find a ' central gneiss ' at the base of the new table of formations ; and this 
too IB satisfactory ; it would be almost preternatural that such an immense file 
of geological records should have no archeoan foundation. It is lamentable to have 
to record that still not even the ghost of a fossil has been seen in these rocks. 

I have given Mr. Oldham's results somewhat at length, because they may not 
be immediately published in original, the exigencies of our Indian service having 
made it desirable to depute him for the current field season to the Andamans 
witb the Topographical Survey party, for which special arrangements have been 
made, and such an opportuniiy might not occur again in our time. Mr. Oldham's 
experience in Manipur (Memoirs, Vol. XIX) at the starting point of this region 
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of disturbance, may give him some due to the correlation of the rocks in those 
island outliers, 

Mr. Middlemiss joined Mr. Oldham in Jannaiy ; he has this year been started 
on independent work in Gturhwal, 

Colonel McMahon has now completed his elaborate microscopical studies 
^^ of a large series of Himalayan rocks, proving among 

other interesting results the eruptive character of certain 
pseudo-gneissic rocks of the Dhuladhdr, ihe Chor, and other localities. Mr. 
Oldham's recent determination of the undoubtedly intrusive relations of this rock 
in the Ghor is a satisfactory conclusion of this enquiry. Colonel McMahon's 
description (Vol. XYII, p. 104) of the extreme metamorphism, amounting to 
proximate fusion, of the quartzites of the ridge at Delhi, is an interesting indica- 
tion upon the history of the Arvali rocks. 

In connection with Himalayan geology it is not out of place to notice a study 
HixALAYAV Moirtf- ^^ ^^® mountain system of the Himalaya presented in 

TAXK 8T8TBX : Coloucl Oodwiu- Austcu's addrcss as President of Oeogra- 

Lt,'Coh Oodwiu- phical Section of the British Association Meeting of 1883, 

Jfttten. supplemented by a map and sections with notes published 

by the Boyal Geographical Socieiy (Proceedings, 1883, p. 610), If the views 
given had been mere geographical delineations they would not have called for 
attention, as being suitable to the audiences addressed ; but the essay is a lauda- 
ble attempt to forestall time by introducing to topographers rational concep- 
tions of mountain structure, and thus geology is necessarily introduced. Unf or. 
tunately, however, the author is not himself quite emancipated from the ideas he 
would subvert. These may be indicated as a mistaken conception of unity based 
upon an uunatural assumption of continuity. Of this kind is the extension of 
the extinct axes of the Himalayan range into connection with the gneissio 
mass of Afghanistan. The confusion is the same as it would be to ignore the 
separate members of a compound organism ; there may be homology, but the 
forced continuity leaves out of count conspicuous and essential structural characters . 
Again, to make the Pii* Panj41 and the Dhuladhdr continuous with the Chor 
mountain of the Simla region, is about the same as it would be to confound the tail 
of a vertebrate animal with its limbs. These errors have been pointed out before 
( Records, XV, p. 6). 

In last year's report I mentioned the completion of Mr. Oriesbach's rapid 

Thx Cbvtbaz. Hixa« survey of the Hundes region, and that his observations 

LATA : there had been connected with those of Stoliczka in Spiti. 

Mr, Qrisabaoh. j |j^^ ^jj^^ ^ explain the postponement of any fuller 

notice of the work owing to Mr. Oriesbach's urgent deputation to accompany the 
expedition to the Takht-i-Suleman. Subsequently to this, while making some 
connecting observations on the North- West Frontier, he was taken seriously ill 
at Kohat, in consequence of which it was necessaiy that he should spend the 
hot season in the hills, and while at Simla, he managed to get appointed to 
accompany the Afghan Boundary Commission. Had I been in India, I should 
probably have succeeded in having some other officer deputed for this duty. No 
doubt the best use that can be made of Mr. Griesbach is for the superficial kind 
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of work that is alone possible in those expeditions, and his admirable skill in 
drawing is a special qualification for such work, nevertheless the further post- 
ponement of the account of his Himalayan observations, begun in 1879, should 
have been avoided. His maps were fully prepared before he left, and are now 
being reproduced for publication ; a large number of illustrations are also ready, 
but the descriptive text has not yet been sent in, and it cannot be fitly prepared 
away from sources of reference. 

The details of Mr. Griesbach's observations in the Sulemin hills have recently 
been published (Volume XVII, part 4). They give fresh 
Tm Tamt.i.Stjlb. iUufltration of Mr. Bknf ord's remarks regarding the great 
variability of the cretaceous and eocene deposits of that 
region. As regards the newer formations two unexpected points are noteworthy. 
The object of Mr. Blanf ord's last exploration on that frontier had been to oonnect 
the tertiary series of Silid, which he had so carefully worked out, with the tertiary 
series of the Sub-Himalayan region ; and althongh an actual tie with previous 
work to the north was not effected, it was thought, as stated in my last annual 
report (Vol. XVII, page 7) that the main object had been attained, for in the 
northern part of his ground, on the flanks of the Sulemin, Mr. Blanford 
found established a section that fairly represented that known to the norths 
the marine eocenes suiteounted by the neogene Nari and Siwalik groups, believed 
to be fresh- water deposits, and all in apparent conformable sequence^ the two 
marine groups, lower Nari and Gaj of Sind, having disappeared (Memoirs XX, 
page. 159, e^ «eg.). This conclusion, is however apparently upset by Mr. Ories- 
bach's observations in the intervening gp:x>und to the north : a sandstone full of 
marine fossils is confidently identified (i. c, page 189) with Mr. Blanf ord's upper 
Nari sandstone, and the upper tertiaries are only represented by the Siwidik 
conglomerates resting in total unconformity on the lower tertiary marine beds. 
It is very unsatisfactory that Mr. Griesbach does not himself notice these discre- 
pancieS) as is usual in such cases to give some sign that he was aware of their 
importance ; he had a proof copy of Mr. Blanford's report with him in the field. 
Some ores, especially a chromite, received from the Andamans, and the 
accounts sent with them, made it desirable to have a pro- 
M ^^u!^^ * fessional opinion upon the deposits. Mr. Mallet was deput- 

ed for this purpose, and the result of his examination is 
published in the Records (XVil, part 2). The block from which the specimen 
of chromite had been taken could not be traced to any mass in situ; and as this 
mineral in minute crystalline grains was found disseminated in the serpentinous 
rock of the neighbourhood, it may be presumed that the large block was only a 
local segregation. An opportunity occdrred for Mr. Mallet to visit Barren Island 
and Narcondam. His account of these interesting volcanic sites is now ready for 



Early in the season Mr« LaTouche accompanied the expedition into the Aka 

AxA HiLM AND Lax- Hills, north of Tezpnr, in Assam. The dense vegetation 

OBiN CoAL-riS£D. prevoutod any observation of the rocks except in the stream 

Mr, LaTouohe. courses. The section was found to correspond with 

that observed in the Daphla Hills to the east by Colonel Godwin-Austen, and 
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as described by Mr. Mallet in the Bhtit&n Dn&rs to the west. Inside the terw 
tiary aone 'there is a belt of carboniferous Damnda strata, bordering the 
schistose rooks of the higher hills. Here, too, the coal is so crashed as to be nnser- 
viceable. There was some lifctle delay in the preparation of a map ; it will be 
published shortly with Mr. LaTouche's notes. Later in the season Mr. La? 
Tonche examined the Langrin coal-field on the south-west edge of the Gkro 
Hills. His report with a map is published in the Records (XYII, part 3). This 
field offers an abundant supply of yery fair coal easily accessible on the yery 
borders of the plain of Sylhet. 

A very instmctiye discussion of geological homotazis is giyen by Mr. W. T. 
Thb HOKOTixiB oT Blauford in his address as President to the Geological 
iKDiAvroBiiATioKs; Soctiou of the British Association in its last meeting at 
Mr. W. T. £lanfard. Montreal. It is mainly illustrated from Indian geology^ 
and is so important a contribution to this subject that it has been reprinted in 
the current number of the Records. Numerous instances are giyen of the dis* 
crepancies that occur in the correlations of rocks as based upon their terrestrial 
&xma and flora, or upon a marine fauna, the latter giving much more comparable 
results. The former of course maintain all their special interest, but it is yeiy 
necessary to know upon which kind of evidence the correlation of any strata had 
been based. Mr. Blanford would somewhat modify the significance of the term 
homotaxis as introduced by Professor Huxley in 1862. That was, to give 
expression to the following statement : — *' For anything that geology or pnleaonto- 
logy is able to show to the contrary, a Devonian fauna and flora in the British 
Islands may have been contemporaneous with Silurian life in North America, and 
with a Oarboniferous fauna and flora in Africa." ' These terms of course includ- 
ed the marine fauna ; but while granting such conditions to be possible for a 
terrestrial fauna or flora, Mr. Blanford considers that the marine fauna would 
give a much nearer approximation to synchrony. He says : — ** It appears to me 
tiiat at the present day the difEerence between the land faunas of different parts 
of the world is so vastly greater than that between marine faunas that if both 
were fossilised, whilst there would be but little difficulty in recognising different 
marine deposits as of like age from their organic remains, terrestrial and fresh* 
water beds would in all probability be referred to widely differing epochs, and that 
some would be more probably classed with those of a past period than with 
others of the present time." 

The same subject of homotaxis is discussed by Mr. Oldham in the Journal of 

the Asiatic Society of Bengal for 1884 (Part II, p. 187). 

He illustrates from our Indian palaaontological researches 
the highly discrepant results of correlations in time from fossil evidence, speciallj 
the paliBobotanical, and the insuperable failure of any approach to determination 
of synchrony among distant formations. This is introductory to an attempt 
to establish synchronous relations of distant formations through the evidence of 
periods of glaciation, the ground chosen being the same, as containing well. 
known boulder deposits, the Talchirs of India, the Hawksbury beds of Australiai 

1 Qoar. Joar.^ Oed. Soc., Vol XVIII« p. ilvi 
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and the Karoo boulder bed of South Africa. Snch a distribution of presamablj 
Bynchronoos glaciation, Mr. Oldham suggests, **^ points towards the conclusion that 
in early secondary times the crust of the earth did not occupy the same position 
with respect to the axis of rotation as it does now." The contention is well 
supported by arguments needed to account for the distribution of the cognate 
terrestrial fossil fauna and flora of the regions in question. Some years ago a 
suggestion was made to use the last glacial period as a geological chronometer to 
fix the age of the Indian post-tertiary deposits ; and then too the proposal was 
elicited by a flagrant abuse of the homotazis method of correlation^ losing sight 
of the actual in the relative {supra^ Vol. VII, p. 97, note). 

PuhUoatums. — Two Memoirs were published during the year— Mr. Bose's on 
the Lower Narbada Valley between Nimiwar and K&want, and Mr. Fedden's 
on Kathi£w&r, each with a n:iap of the countiy described. They form parts 
1 and 2 of Volume XXI. The work was contemporaneously noticed in previous 
annual reports, and some general remarks on both will be found in the preface to 
the part 2, part 1 having been fully printed oS. before I returned from leave. 

The Records for the year contain numerous articles of interest^ several of 
which have been referred to above. 

In the Pal»ontologia Indica, five parts of series X, the Indian Tertiary and 
Post-Tertiary Vertebrata, by Mr. Lydekker, were published during the year. 
They form a very worthy addition to this most valuable part of our publications. 
For the general advancement of geological science, palsdontological researches are 
certainly the most interesting and important, and at present they are inade- 
quately provided for in the allotment of our resources. 1 1 would be impossible 
for one palsdontologist to overtake all the work on our undescribed collections of 
fossils, even if one man could do justice to so wide a range of studies. I hope to 
be able to effect a temporary diversion of some funds to bring up arrears of work 
in this branch of our business. 

In continuation of his work on the fossils of the Salt-Bange, Dr. Waagen fur. 
nished last year two parts (Nos. 3 and 4) of the Brachiopoda of the Productus- 
Limestone. They exhibit the same exhaustive study as heretofore. To the 
superficial criticism of some naturalists, Dr. Waagen might seem to lay himself 
open on the score of minute specific distinctions, but he abundantly justifies his 
method on biological and paledontological grounds. No doubt, as he says himself, 
more abundant material may lead to the modification of his grouping, but there 
is a strong presumption that the principle will hold good. However one might be 
satisfied for purely biological results to exhibit the links of variation in a few de- 
velopmental sequences of species and genera, geological history will require the 
process to be applied throughout. Dr. Waagen gives numerous instances in which 
those slightly distinguishable forms are characteristic of different stratigraphical 
horizons. His final discussion of the fauna of the Productus-Limestone should 
form an interesting chapter on the vexed question of homotaxis. 

A large fasciculus of Series XIV, with eighteen admirably-executed plates, was 
issued early in the year. For this series, descriptive of the tertiary and upper- 
cretaceous fossils of Sind, taken up four years ago, we are so far indebted to the 
generous labours of Professor Alartin Duncan^ latterly aided by Mr. Percy Sladen. 
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It is the beginning of what must one day become the most extensive part of the 
PaYflBonfcologia, tbat dealing with the tertiary marine fanna, and the most interest- 
ing as more fnllj bearing upon the living fauna of the Indian seas. 

Museum, — As specified in the Records for May, several contributions of ores, 
rocks, and other geological specimens were obtained from the International Exhi- 
bition held in Calcutta early in this year. The principal presentations were from 
the Minister for Mines, New South Wales ; the Minister for Mines, Victoria ; and 
the Tasmanian Commissioner. Some of these were in return for Indian geo- 
logical specimens previously sent to Australian Maseums by the Survey, and for 
the rest a proper return was made on the occasion. 

Library, — The additions to the library were 1,608 volumes or parts of volumes, 
742 by purchase and 866 by donation or exchange. The printing of the Cata- 
logue was just oompleted within the year, for which accomplishment I have 
again to express obligation to the conscientious industiy of our librarian, Mr, 
W« B. Bion, for thoroughly checking the entries and correcting the proofs. 
Excepting books received after passing the sheets of the Catalogue for press, the 
following figures represent a rough inventory of our library at this date : total 
volumes, 13,205 ; of which 9,236 come under the heading of Serials, including the 
publications of Societies, as well as Magazines and official reports ; of the re- 
maining 3,969, 1,015 are marked in the Catalogue as pamphlets. 

PersonneL — Dr. Feistmantel was absent throughout the year. Mr. Hacket 
retamed from furlough on the 18th of November and resumed his field work in 
R6jput6na. Mr. Medlicott was absent on special leave for six months, during 
which time Dr. King acted as Superintendent of the Survey. Mr. Mallet took 
six months' furlough from May to October, during which time Mr. Fedden 
officiated as Curator of the Museum. • 

H. B. MEDLICOTT, 
Superintendent^ Oeological Survey of India. 



Calcutta, 
The 20th January 1885. 



} 



List of Societies and other Institutions from which Publications have been received 
in donation or exchange^ for the Library of the Oeological Survey of India, 
during the year 1884. 

Amsterdam. — ^Netherlands Colonial Department. 
Basbl. — Natural History Society. 
Batavu. — Batavian Society of Arts and Sciences, 

„ Director of Instruction. 

Bbblin. — German Oeological Society. 

„ Boyal Prussian Academy of Science. 

BoLOONA. — Academy of Sciences. 
Bombay. — Bombay Branch, Royal Asiatic Society. 
Boston. — American Academy of Arts and Sciences. 
„ Society of Natural History, 
Brjsbakb.— Boyal Society of Queensland. 
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Bristol. — Bristol Mnsenm, 

„ Bristol Nataralists' Society. 

Brussels. — Geological Society of Belgium. 

„ Boyal Geographical Society of Belgiani. 

„ Royal Malacological Society. 

„ Boyal Natural History Museum of Belgium. 

Budapest. — Royal Geological Institute, Hungary. 
Buenos Aires. — National Academy of Sciences. 
Buffalo. — Society of Natural Sciences. 
Calcutta.— Agricultural and Horticultural Socieijy, 
„ Asiatic Society of Bengal. 

„ Meteorological Department, Government of India. 

„ Survey of India. 

Gambridoe. — Philosophical Society. 
Cambridqe, Mass. — Museum of Comparative Zoology. 
Cass EL. — Society of Natural History. 
Christiania.— Editorial Committee, Norwegian North Atlantic Expedi- 
tion. 
„ Norwegische Comm. der Europaischen Oxadmeasung. 

„ Royal University of Norway. 

Copenhagen. — Royal Danish Academy. 
DuHBA Dun. — Great Trigonometrical Survey of India. 

Dresden. — Isis Society. 
Edinburqh. — Royal Scottish Society of Ari». 
Glasgow. — Geological Society. 
„ Glasgow University, 

„ Philosophical Society. 

GoTTiNGEN. — Royal Society. 

Halle. — Leopoldino Academy. 
„ Natural History Society. 
HoBART Town. — Royal Society of Tasmania. 
KoNiGSBURG. — Physikalisch-Okonomische Gesellschaft. 
Lausanne. — Vaudois Society of Natural Science. 
LiVBBPOOL. — Geological Society. 

„ Literary and Philosophical Society. 

London. — Geological Society. 

„ Iron and Steel Institute. 

„ Journal of Science. 

„ Linnean Society. 

„ Royal Asiatic Society of Great Britain and Ireland. 

„ Royal Geographical Society. 

„ Royal Institute of Great Britain. 

„ Royal Society. 

,, Society of Arts. 

„ Zoological Society. 

Madison.— Superintendent, Public Property. 
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Madra.8. — ^Meteorological Department. 
Madrid. — Geographical Society. 
MANCHESTBB.^Oeological Society. 

„ Literary and Philosophical Society. 

Mblbouenb. — Department of Mines and Water Supply, Victoria. 
„ Geological Survey of Victoria. 

„ Boyal Society of Victoria. 

Milan.— -Italian Society of Natural Science. 
Montreal.— Geological and Natural History Survey of Canada. 
„ Boyal Society of Canada. 

Moscow.— Imperial Society of Naturalists. 
Munich.— Boyal Bavarian Academy. 
Niwoastlb-on-Ttne. — North of England Institute of Mining and Mechanical 
Engineers. 
Nbw Haven.— American Journal of Science. 
Paris.— Geological Society of France, 
y, Mining Department. 
Penzance.— Boyal Geological Society of Cornwall. 
Perth.— Commissioner of Crown Lands. 
Philadblphia.— Academy of Natural Sciences. 
„ American Philosophical Society. 

,, Franklin Institute. 

Pisa. — Society of Natural Sciences, Tuscany. 
Bomb. — Camera dei Deputati. 
„ B. Accademia dei Lincei. 
„ Boyal Geological Commission of Italy. 
BOORKEB. — Thomason College of Civil Engineering. 
Sacramento. — California State Mining Bureau. 
St. Petersburg. — Geological Commission of the Bussian Empire. 
„ Imperial Acfidemy of Sciences. 

Salem, Mass. — American Association for the Advancement of Science, 
y, Essex Institute. 

San Francisco.— California Academy of Sciences. 

Shanghai. — North China Branch, Boyal Asiatic Society. 
Singapore. — Straits Branch, Boyal Asiatic Society. 
Springfield. — Geological Survey of Illinois. 

„ Illinois State Museum of Natural History. 

Stockholm. — Geological Survey of Sweden. 
Strasburg. — Boyal University Library. 
Stdnet. — Australian Museum. 

„ Department of Mines, New South Wales. 

„ Boyal Society of New South Wales. 

ToKio. — Seismological Society of Japan. 
Toronto. — Canadian Institute. 

Turin. — ^Boyal Academy of Sciences. 
Venice.— Boyal Institute of Science. 
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ViBNNA. — ^Imperial Academy of Sciences. 
„ Imperial Geological Instifcuie. 

Washington. — Pliilosopliical Society. 
„ Smitlisonian Institute. 

„ United States Geological Stirvey. 

Wellington.— Colonian Museum. 

„ Geological Survey of New Zealand. 

,, New Zealand Institute. 

Yokohama. — Asiatic Society of Japan. 
,, German Naturalists' Society. 

York. — ^Yorkshire Philosophical Society. 
The Secretary of State for India. 

The Governments of Bengal, Bombay, Madras, North- Western Provinces and 
Oadh, and the Punjab. 

Chief Commissioners of Assam, British Burma, and Central Provinces. 
The Commissioner of Northern India Salt Revenue. 
The Resident at Hyderabad. 
The Comptroller of Indian Treasuries. 
The Superintendent of Government Printing, India. 
The Superintendent of the Government Central Museum^ Madras. 
Departments of Finance and Commerce, Foreign, Home, and Revenue and 
Agnculture. 



motes on the Country between the Singareni Coal-field and the Kistna River ly 
R. Bruce Foote, F.G.S., Deputy SuperirUendetUy Oeological Survey of India. 
(With a map). 

The immediate opening up of the Singareni coal-field having been under consi- 
deration by the Government of India, I was deputed to examine the unsurveyed 
country in the valley of the Munieru (Moonyair) river in the hope of finding 
further outliers of the Barakar rocks, the Indian carboniferous series, between 
the Singareni coal-field and Bezwada, as the existence of- other coal-fields might 
greatly influence the selection of the line of country to be traversed by the railway 
to connect the Singareni coal-field with Bezwada, the central point in tl^e great 
canal system connecting the whole of the Godavari and Kistna deltas with 
Madras, and the terminus of the new Bellary-Kistna State Railway. 

The limits of the previously unsurveyed tract which I examined in carrying out 
this duty are, to the south the Kistna river ; to the west 
recited oi' "** ^^ *^® boundary of the Kadapa rocks, and further north the 
left bank of the Munidru; to the east a line coinciding with 
the eastern edge of Atlas-sheet 75 ; to the north a line running from the Munidru 
eastward to the edge of sheet 75 a little to the southward of Khammamett. To 
the north of this line lies a considerable tract extending up to the Singareni coal- 
field which had been partly examined by Mr. King and of which I completed 
the survey. 
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The geological formations met within the area thus defined belong to the 
following four divisions : — I. The Qneissic rocks; II. The 
m^wiS!'*^ formationi ^Toda/a or Tranaitum rocks; III. The Eiver Alluvia; 
lY. Bnbaerial Formations and Soils. 

L — The Qneissic Bocks, 

As will be seen from the map, the gpieissic rocks of the Mnni^m (Moonyair) 

Talley are extensions of the great granitoid and schistose 

^^*^k», bands seen south of the Kistna river and Bhowh in the 

little sketch map given in my memoir on the geological 

structure of the eastern coast.^ 

The gneiss rocks of the Kistna district show two great bands of gi*anitoid 
rock divided in the southern part of the area by a much narrower band of 
schistose beds. In the northern part of the area, however, the schistose beds 
extend considerably to the eastward whereby the eastern granitoid band is in- 
terrupted and apparently overlaid by this eastward extension of the schists. 
Whether this overlapping of the schistose beds over the granitoid really takes 
place or not, has not as yet been proved, but as it is believed on fair grounds to 
take place in the southern parts of these great bands in the Nellore district, it 
may for the present be assumed also to take place in the Munidru valley, and 
the separate patches of granitoid gneiss lying to the northward of the continuous 
band may pro. tern, be treated as inliers in the schistose area. The two grani- 
toid bands and the intermediate schistose band have to the south of the Kistna 
a general strike from south-west-by-south to north-east-by-north, which continues 
till they cross that river and then commences to trend to due north and then to 
north-north-west. In the neighbourhood of the Singareni coal-field the strike 
becomes less constant for a distance of 4 or 5 miles, but then trends north.5°-eafit 
and continues so till the edge of the overlying Kadapa and Gondwana rocks. 

The eastern of the two granitoid bands forms the mass of the very 

picturesque Kondapalli (Gondapilly) hills, as also the 

^e east granitoid y^^^^ ^^^^ stretching from the foot of the hills past 

Juzzur (Joodjoor) westward nearly to the east bank of the 

Wyra river. To the northward the granitoid rocks extend under the alluvium 

of the Gumplagudum stream (the principal tributary of the Wyra) and run 

north and north-west-by-north for another 9 or 10 miles, when it is cut off by the 

G 11a di I r ®*** extension (P overlapping) of the schistose rocks 

above referred to. l^orth of this spread of schistose rock, 

at a distance of between 4 and 5 miles, lies the first of the inliers also 

referred to above. It is of elongated elliptical form (in plan), and extends 

some 12 or 14 miles to the north-west-by-north with a maximum breadth of 

5 miles in its southern half. The apices of the ellipse are rather pointed. 

By far the greater part of its area lies on the western side of the Wyra river. 

For convenience of reference it may be called the Gollapudi inlier from the 

^ On the Qeologicnl Stnicture of the Eastern Coast from Utitude 15* northward to 
MHSoli^tuui, b> li. liruce Foote, F.Gii,&c« Memoirs, QeoloijiGai Survejr of India, Vol. XV 1, 
ItttiO. 
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principal villagiB lying near its centre. The northern inlier which lies 4 miles 

_ ,. north of the GoUapndi inlier is in plan a very broad 

Chintft KartilnUer. ^ x. ^ a -i i i_ o • • -ji^u 

oval abont 4 miles long by 3 in maximum widths 

but its boundaries are much hidden by jungle. It may be conreniently called 

the Chintakurti inlier from the village of Chintakurti (Ghintakoor of map) which 

stands a good mile to west of the position given to it in sheet 75. 

Except close to the Kondapalli range of hills, this band 6f granite gneiss 
has been planed down by erosive forces to a very level 
rrSitoid band!^ '*'**° Surface, relieved in but very few places by low hills and 
a few great piles of tors and rounded masses. Of the 
hills, the Juzzur (Trig. Station) hill and the Kondakedimay (Trig. Station) on 
ihe eastern side of the southern inlier, and a low but bold rocky ridge on the 
western side of the inlier, a little to the north-east of the village of Nangielay- 
gondah, are all that need be noted. 

A large low ellipsoidal " whaleback " exposure of the granite gneiss occurs 
on the high ground nortli-east of GoUannapad (nearly in thd centre of ihe 
southern inlier) and is, from its position and light colour, a vexy conspicuous 
object. 

A rocky pile surmounted by an enormous tor forms a very striking object at 
the north-east extremity of the great tank east of MaddirS (Muddera). 

The western granite gneiss band may be conveniently designated the 
The western or Nan- Nandigama (Nundyganah)-Khammamett band from the 
dSgama Khummamett two principal towns which stand upon it. It crosses the 
granitoid band. Munidru (Moonyair) valley near Pennagranchiprol, 10 

miles north-by-west of Nandigama (but that part of its course was not exam- 
ined). Its southern part is bounded by the overlying quartiite beds at the 
base of the Kadapa rocks of the Jaggayapetta (Batavole) basin, but further 
north it shows a considerable westerly extension ; it was only examined along 
the east side of the Muni^ru valley. Its eastern boundary for a distance of 
more than 25 miles is formed by a narrow strip of Kadapa ropks which are 
faulted to the eastward against the median band of schistose gneiss before 
referred to. 

The southeni part of this band of granitoid gneiss forms a low rolling 
plain, the surface of which is almost ever3n¥here marked 
atKbilmmtmett^*^^'^^ ^^ * *^ick layer of cotton soil, but in the central and 
northern parts the surface becomes much more bro^ken 
and the extensive spreads of regur have been replaced by the gritty reddish 
loam derived directly from the decomposition of the rocks below. Protrusions 
of rock over the surface are seen on every hand, and much of the country can 
only be described as rugged. Besides the protrusions of the granite gneiss 
there are many long-stretched low ridges of barren rock formed by trap dykes 
which around the town of Khammamett form a perfect net- work that would 
ofEer no small obstacle to the construction of a railway. Northward of Kham- 
mamett the surface of the granite gneiss band becomes less rugged. To some 
extent this may only be apparent, for the country here is much less bare of wood 
than to the south. 
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Although tine sxLilaee of this granite gneiss bmd is mucloi more broken and 

rngged in the northern Khamxnaxnett half than in the 

Orographj of the gouthem half or than in any part of the Jtizzur band, very 
western band. ^ ^, . .. ,., lii 

few of the eminences on it nse nigA enough to deserve 

the name of hills. In the southern part there is but one hill, the Cuddabode 

Trigonometrical Station, on the very edge of the Kadapa basin 9 miles north-west- 

by-west of Nandigama. The Cuddabode is about 200 feet high, and sho-ws a very 

fine mass of great rocks around its summit. 

A low hill consisting of great tor.Iike masses piled one over the other occurs ciit 
Mnsfati Kuntla (Mooshty Koontta) on the high road (as shown on the map) 
leading from Maddir^ (Muddeera) to Khammamett. Another low hill of very 
typical rounded shape forms the Sitarampett*Trigonometrical Station hill 4 miles 
to the north-west-by- west. Various low but very typical granite gneiss hills run 
along the western side of the Muni^ru valley, but these did not come within 
the range of my stirvey. The highest and most conspicuous hill in the granite 
gneiss band is that on which Khammamett fort has been built. I estimate it at 
about 300 feet high above the surrounding country over which it commands a 
very extensive panorama. A rather lower hill, showing some good tors on its 
summit, lies about a mile north of the fort. 

A small rooky ridge consisting of a very uncommon vaxdety of horn., 
blende-micaceous rock is to be seen at the north-eastern comer of the great 
tank north of Jastipalli ( Jausteepully) 14 miles north-east-by-north of Kham- 
mamett* 

As far as my observation went, the predominant character of the granitoid 
rocks is homblendic ; micaceous varieties however do occur 

thf^Stoir^er^'"' ^®^® ^^ **^^^ »°^ ^^ some cases both hornblende and 
mica occur together in the same mass. Epidote in the 
form of pistacite, is a frequent constituent of the granitoid rocks, e.^., in the 
Juzzur Trigonometrical Station hill where it forms a very handsome rock of 
dark greenish-black colour relieved by light pinkish spots and streaks due to 
the quartz and felspar. A very handsome salmon-coloured and black variety is 
seen in some large tor-like masses which form a little inlier within the area of 
the Kistna alluvium about a mile east of the Kanchakacheria travellers' bangalow 
on the Beswada-Hyderabad high road. 

Much pistacitic granite gneiss occurs at Mushti Kuntla (Mooshty Koontta) 14 
miles south-south-east of Khammamett, also in the bed of the Muniferu at the 
ford on the road to Warangal. This is a beautiful pale-green and pink variety, 
which has in places been much polished by the river current, and shows its capa- 
bility for furnishing a splendid ornamental stone. 

The general colour of the rock in the western band is greyish and its texture 
mostly very coarse. 

Included boulder-like masses of older homblendic rock are common in places. 

Very few quarries are to be found, and as the great rounded weather-beaten 
masses are frequently impracticable to an ordinary geological hammer, much less 
information as to the composition of the rocks could be collected en passant than 
in moro civilised regions whero quarries are numerous. 
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Noteworthy varieties of the granitoid rocks in the two inliers are massive 
hornblende rooks often of highly trappoid aspect, but not occurring as dykes* 
nor as far as could be seen as intrusive masses. These cover considemble areas 
in the two inliers ; indeed, they seem to constitute the mass of the Chintakurti 
inlier. In the G-ollapudi inlier they occur around Ehauwapuram (on the Wyra) 
and westward nearly as far as G-ollapudi. 

The median band of schistose rocks lies in its southern portion chiefly on 

the left (or eastern) bank of the Muni^ru« Northward 
ba^^ '^^^^^'^ ^®'" of the junction of the Munifem with the Wyra the schis- 

tose band is confined to the tract between the two rivers. 
Its western boundary is here hidden by the alluvium of the Muni&ru to opposite 
Pennaganchiprol, where the granite gneiss of the western band comes in. 
Beyond this to the north the boundary between the schistose band and the 
western granitoid band is hidden by the superposition of a long narrow strip 
of Kadapa rocks which runs northward for more than 25 miles. To the nortk* 
ward of this outlier of Kadapa rocks the two bands of gneiss must be in ap- 
position, but no section could be found showing their actual contact. 

No eminence deserving of the name of hill occurs on the surface of the schisi. 

tose gneiss band in its southern part, and very few in 
scS^M gndss W.*^* *^® central part. In the latter attention may be drawn 

to the rocky hill 7 miles north-by-east of Maddir^ (Mud- 
deera), which rises between 200 and 300 feet above the plain ; to the low rocky hiU 
a mile east of Pengol (edge of sheet 94) which will be described further on. 
Also to the low ridge on which stands the Pedda Gopatty Trigonometrical Station 
9 miles south-east-by-east of Khammamett. The magnetic iron beds forming 
this ridge will be described further on. 

The schistose gneiss area inunediately south of the Singareni coal-field, which 
is a northerly continuation of the schistose band before described, contains 
numerous gneiss hills which may also be referred to, though they do not lie within 
the limits of the unsurveyed tract flapped by me. The principal hill in this 
quarter is the Gobugurti (Goboogoorty) Trigonometrical Station, which rises 
some 600 or 700 feet above the surrounding plftins and forms a nucleus whence 
radiate some five or six lower jungle-covered ridges. To the east of the Gobugurti 
group of hills is the Ballapett (Bullapett) Trigonometrical Station hill and 
several other rocky or jungle-covered gneiss hills not shown in the map. South- 
west of the Gobugurti hill is a small detached hill marked in the map (sheet 75) 
as "H. Tree,** while to the north-west of the extreme spur of the Gobu- 
gurti mass lies the Irlapudi Trigonometrical Station hill, a bold mass of hom- 
blendic gneiss some 600 to 600 feet high. 

The oi^er hills to the west and north of Gobugurti hill belong to the transi- 
tion or Kadapa rock system, and will be referred to when dealing with those rocks. 
The more general variety of gneiss met with in this median band is a horn- 

blendic variety which is frequently intercalated between 
icMBtose^brnd. ^ * bands of micaceous gneiss of varying character. Some of 

them are very highly micaceous and almost deserving to 
be ranked as mica schists. Richly felspathic forms are uncommon. 
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Maasive beds are occasionally met with, whicli are of such coarse teztnre and 
80 obscnrelj bedded as to approximate very closely to typical granite gneiss. As 
a mle, however, the most massive beds in the schistose bands are very distinctly 
bedded, no matter how coarse their texture may be. 

The beds in the southern parfcs oE the schistose band ofier nothing of special 
interest, and exposures of the rock are not numerous, nor do they afford any 
good sections, the face of the country being mostly much obscured by great 

spreads of cotton soil. The most noteworthy outcrops 
Peddffot>Mtti!° met with were some fairly rich beds of magnetic iron 

which form a couple of low ridges, on the south-western 
of which stands the Pedda Gopatti Trigonometrical Station (9 miles south-east 
of Khammamett). Unlike the magnetic iron beds in Nellore and Salem and 
other parts of the south, the grains, flakes, and crystals of magnetite are imbed- 
ded in schistose homblendic instead of in granular quartzose lamin», with inter- 
vening homblendic laminea of very schistose charactA*. 

The amount of magnetite included in the ferrugrinous laminea is sufficiently 
great to form a fairly rich ore, but I did not notice any indications of the ore 
having been mined in those parts of the beds which I examined. The iron beda 
stretch away a considerable distance to the southward, and it is not improbable 
that they are connected with a bed of similar homblendic magnetite schist whick 
is exposed for a few square yards on a small red knoll lying about half way 
between Naugilaygondah and Prodatur-Ag^raharam (Agrarum). The northward 
extensions of the Pedda Gopatti iron beds are lost sight of a very HtCle distance- 
beyond the north end of the ridges. 

If the infr^-position of the granitoid gneiss to the schistose band be assttmed 

f th h* ^ be true, there is no difficulty in understanding its rela- 

toM gneiss extension to ^^^ ^ ^^ tract of schistose gneisa already referred to, 

the eastern gninitoid -^rhich lies between, and to the east of,, the Maddir6 

(Muddeera) end of the Juzzur granitoid band and its 
northerly re-appearances, the Gollapudi and Chintakarti inliers. The schistose 
spread in that case is simply a survival (if the term be aUowable with regard to 
inanimate objects like rocks) of part of the overlying schistose series which has 
there escaped complete erosion, probably because- it lies in a hollow. If the 
hypothesis of the infrarposition of the granitoid series should be disproved by 
subsequent observations, then the relative poeiticms of the two series of rocks can 
only be explained by supposing the metamorphio forces to have acted with far 
greater intensity in certain tracts than in other adjoining ones. This variation ixk 
intensity of the metamorphio forces may have been largely assisted by the original 
differences in texture and mineral composition of the original sedimentary 
deposits acted upon. It is quite conceivable, indeed very probable^ that coarse 
thick-bedded gritty sediments would assume a much more massive structure under 
the influences of metamorphio agencies than finer-grained sandstones or shales 
which would retain a schistose appearance. The presence of small patches of 
granitoid gneiss within the general area of. the schistose variety may yetj likely 
be safely explained by assuming them to have been local deposits of very coarser 
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textore, which were ezceptionallj affected by the metamorphio changeB under- 
gone by the whole mass of rocks. 

The rocks which occur in the eastern extension of the schistose band axe 

chiefly homblendic and micaceons gneisses, varying from 

exteiiflioii. ®"*®™ nearly massive to highly schistose varieties. None of any 

special interest were noted. 

The only schistose rocks which deserve separate notice are a few beds of 

magnetic iron of very small size (from 6 inches to 1 J feet thick) which occnr on 

the eastern boundary of the area under consideration, between the villages of 

Pengol and Utur, both situated in an outlying portion of the Nandigama 

Taluq (Kistna district). They are but little exposed, though a good deal of 

debris derived from them is scattered over the surface. 

Two or three small beds of similar character and size occur about 5 miles 
to the north. The ore is in all cases of fair quality, but the quantity is too small 
to give the beds any importance. They did not appear to have been ever worked. 
To the schistose series I reckon from their position some beds of granular 
quartz rock of precisely the same character as those 
forming the many remarkable bare ridges round the towns 
of Madura and Tinnevelly. These beds form a low broad rise beginning imme- 
diately north of the large village of Pengol (see page 16) and extending for 2 or 3 
miles north-north-east. The granular quartz rock is frequently exposed, but only 
in low flat sheets in which the bedding is badly seen, while the extensive scrub 
jungle covering much of the rise helps to make the lie of the beds still more obscure. 
A more instructive display of very similar granular quartz rock occurs a little 
to the south-east just within the limits of the country 
• shown in sheet 94. Here a low rocky ridge rises out of 

a plain covered with red soil, and shows the bassett edge of a g^reat bed run- 
ning south-south-west to north-north-east, with a dip of 40® to 45* east. The 
quartz is (where freshly broken) of pale pinkish-white to pale reddish-brown 
colour and nearly diaphanous. It includes many minute and a few large brilliant 
spanglefe of reddish-grey specular iron. WJiere weathered the surface of the 
quartz rock is often covered in small patches with reddish-brown lateritic films. 
A direct connection between these granular quartz beds and those to the north- 
eastward of Pengol doubtless exists, but want of time did not allow of my 
tracing it out. 

Further north the eastern spread of the schistose band is to a very great 
extent marked by great spreads of cotton soil, and the few outcrops, chiefly of 
homblendic gneiss that are met with, are of no special interest. 

After crossing the road leading from Khammamett to KuUur the country 

begins to get hilly and broken and the spreads of cotton 

Rocks north of Kbam. g^^jj disappear, but the rocks are here much hidden by 

jungle. The mass of hills formmg and surroundmg the 

Oobagurti Trigonometrical Station consists of great beds of homblendic and 

micaceous gneiss in frequent alternation. To the north- 

"^^ °* west of the Irlapudy Trigonometrical Station hill a large 
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bed of grey crjstalliiie limestone 'intercalated among beds of hornblendic gneiss 
which have a local strike from west-by-sonth to east-by-north with a high 
sontherly dip. The limestone cannot be mnch less than 50 feet thick. Further 
north still, and about half a mile east of Kamapalli, is a medium-sized bed of 
magnetic iron ot rather poor quality running north-north-east and dipping 60* 
eafit. 

N'o connection was traced, though it may very likely exist under the surface 

soil between this bed and a very large and important bed 
Y^^ « Bmgareni ifon ^ magnetic iron which commences about 2J miles to 

the north and continues thence for fully 3 miles till it 
runs under the overlying mass of the Kadapa rocks at a point only about half a 
mile west of the edge of the southern boundary of the Singareni coal-field. As 
this bed of magnetic iron is traced northward from its southern extremity, it 
increases in thickness by the appearance of other beds above and below it till at 
last it forms the mass of a considerable hiU some 150 feet high just under the 
parallel of 17* 30' North. The iron-beds may be traced along the valley north of 
this hill for about half a mile when they rise again and form a considerable 
ridge 250 to 300 feet in height by estimate. The ore in these beds is very rich in 
quality and really appears to have been placed here by nature, in order that an 
iron industry might arise as soon as the coal measures close by are made to yield 
up their carbonaeeous treasures. As the line of rail coming from Bezwada could 
with the greatest ease be carried close along the foot of these ridges, every faci- 
lity exists for bringing the ore and fuel together at some handy spot, while- the 
great limestone beds of Kadapa age, which occur at no great distance to the 
east and west of the coal-field would furnish an inexhaustible supply of flux for 
the smelting works. 

The only intrusive rock occurring in any notable quantity is dioritic trap, 

dykes of which are numerous in some parts, as the middle 
^ part of the Muni^ru valley. All as far as my observation 

went are dioritic and mostly of medium coarseness of texture. Many are of con* 
siderable size, 50 to 60 feet or more in thickness, and from their superior 
hardness stand out well over the surrounding granite gneiss. Their surfaces 
have weathered into a very " blocky " condition, and fallen masses almost every- 
where mask their contact with the granite-gneiss. Some of the ridges rise as 
much as 50 or 60 feet above the surrounding country. The most southerly of 
all the trap intrusions noted is the most important and of such size that it can- 
not be classed as a dyke proper. It lies about 5 miles north-west of the junc 
tion of the Kistna and Munidru, and immediately south of the village of Thora- 
lapadu (Thoralapandoo). The intrusive rock is a diorite difEering in no way 
from that in the true dykes'of the neighbourhood. The trap mass extends for 
rather more than 3 miles southward, and is not less than a mile across near the 
middle. Unfortunately it is overlapped all round by a very thick and continuous 
sheet of regur which completely hides its boundary, and no contact with the gneiss 
around it was traceable. 

All the trap intrusions noticed are, judging by their petrological aspect, to be 
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reokoned as belonging to the great series whioH was injected into to the gneissic 
rocks prior to the deposition of the Kadapa or Transition rock system. 

Granite veins are very rare and small both in size and length. The same 
may be said of true quartz yeins, none of noteworthy size were met with. 

Of brecciated quartz reefs such as play such a promineni part in the Cudda- 
pah and Anantapnr districts, and elsewhere, only one example was seen. This ia 
a- rocky ridge, about ^rd of a mile in length, about 2} miles west-north-west of 
Juzzur. It has a course from south-east-by-south to north-west-by-north. The 
peculiar brecciated or quasi-brecciated character of the reef is well seen on the 
X>ale greenish-white rocks which form the crest of the ridge in its northern part. 

IL-^The Kadapa or Transition Rocike, 

Frequent reference has been made in the foregoing pages to the several outliers 
of the Transition rooks which occur in the Munidru valley and which by their 
position prove that the two great basins of rocks of that age which exist in the 
lower valleys of the Godavari and Kistna respectively were once united. Four of 
these outliers were mapped, and another is known to exist in the very jungly coun- 
try south-west of the Junjuriagutt Trigonometrical Station hill. This latter 
outlier could not be mapped as owing to the rough and jungly character of the 
country it would have required several days' work, which could not be spared 
because of the pressure of more important work. Starting from the south the 
outliers are:— 

1. Eagavapur (Baugavapoor) Trig. Station Hill. 

2. Pallagiri Hill. 

3. Jennel Gudda Hill. 

4. Shemav&la ridge. 

5. Mucherla (Moocherla) Trig. Station Hill (unmapped.) 

1. The Bagavapur Trigonometrical Station Hill is a bare steep Hill which rises 
some 600 feet above the valley of the MuniSru and 674 feet 
' above sea-level. It consists of two or three great beds of 
quartzite vaiTing in texture from ooarse grit to a fine jaspideous quartzite, which 
is very slightly heamatitio, And here and there of reddish colour. The quartzite 
beds are separated by micaceous or argillo-micaceous schists of silvery-grey, 
gseenish-grey, and red colours, the latter being of various shades. The beds have 
been considerably contorted. At the south end the quartzites show a low easterly 
dip ; at the little gorge in the ravine which scores the east side of the hill, they 
are slightly inverted or vertical ; while at the Trigonometrical cairn near the north 
end they begin to curve round westward in a strongly marked curve which looks 
as if its continuation would join the beds in the Pallagiri hill. No continuation is 
however visible in the valley between the two hills which is filled with the sandy 
alluvium of the Muni^ru. The dip of the quartzite beds close to the Trigono- 
metrical cairn, and just where the westward curve commences, is from 40^ to 
46^ east. It is quite clear from the position of these beds with reference to the 
gneiss, which appears very near to the eastern foot of the hill, that the Kadapa 
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rocks are the remainB of a long anticlinal fold faulted down against the gneiss on 
the east. 

2. The Pallagiri (hdlier. 

The structure of Pallagiri hill is very similar to that of the Ragavapur hiU, 

and it is yeiy probable that it is formed of the same series 

' of beds, for in mineral character the Pallagiri beds agree 

closely with the Bagayapur beds, especially in the character of the quartzites, 

which vary locally from distinct coarse grit to very fine close-grained jaspidean 

schists. The dip of the beds is about 55^ east, and there can be no doubt that 

here also the boundary is faulted down against the gneiss. 

The gritty character of the original sandstone is very clearly revealed in parts 
by the action of weather, and may be made out even in unweathered parts by 
careful macroscopic inspection. The true water-wom rounded surfaces of the 
individual grains are quite clear. 

3. The Jennel Gudda Outlier. 

Jennel Ghidda, 6 miles north of Bagavapur hill, is a round-topped steep-sided 
hill which throws out a couple of diverging spurs to tho 
east and north-east. In plan the mass of the hill represents 
a strangely compressed horse-shoe, the sides of which form ridges which slope 
down slowly in the first half of their course and then steeply till they end in small 
blnfb which seem to indicate the position of the line of fault by which these 
Kadapa beds are thrown down against the gneiss. The actual boundary is not 
seen owing to thick soil. The ridges are formed by rather thick beds of quartzite 
separated into two series by micaceous and argillaceous schists. The uppermost 
beds on the hill stratigraphically are a very ferruginous argillite schist which 
lies in the valley between the two quartzite ridges. This is so bright a red in • 
colotLr in parts that it is dug out to be used as reddle. 

The northern extremity of the outlier is hidden under thick cotton soil, but 
may be traced for some distance northward as a low and steadily decreasing ridge 
forming the watershed locally between the Munidru and the Wyra. 



4. The Shemavdla Outlier, 

I outlier 

for 
Shernavila ridge. 



The Shemav&la outlier is the long narrow strip of Kadapa rocks which runs 
for a distance of 25 miles nearly parallel with the course 
of the Munidru at a distance of from 3 to 6 miles. For 
the greater part of the distance it forms the watershed between the Muni^ru and 
the Wyra. I have called it the Shemav&la outlier because it was close to the 
village of that name that I first came upon it, and that the very remarkable quart- 
zite breccia which there occurs at the base of the limestones enabled me at once to 
recognise the rocks as belonging to the Kadapa system. The southern end of the 
outlier lies 8 miles north-north-west of Jennel Gudda hill, and is formed by two 
small rocky hiUs showing strong outcrops of quartzite. The beds trend north-west 
for about a mile, and north-west-by-north for another mile, they then run 
north up to the Shemav&la Trigonometrical Station. This southern part of the 
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ridge is very low and much obscnred by cotton soil and low bnt thick jnngle, so 
that the eastern boundary is very difficult to make out. Near to Shemavila the 
ridge rises again and stands from 40 to 60 feet above the granite gneiss tract to 
the west, bat to the east it slopes down almost imperceptibly to the schistose 
gneiss band. 

The rooks seen at the Shernay&la Trigonometrical Station are hig^y oherty 

^^ blue limestones which are underlaid by a remarkably fine- 

^Qj^^ ^* grained jaspideous quartzite breccia of rich reddish, 

yellowish, and brown tints. The breccia seems to be 
merely local deposit, and is wanting in many sections both north and south of 
Shemav&la station. Underlying the breccia is a micaceous schist which might 
belong either to the Kadapa series or the gneiss, but I could not satisfy myself 
which series to assign it to. 

North of the Shemay&la ridge the outcrop sinks down a good deal but rises 
again a couple of miles further on in the Letchmapur Trigo- 
nometrical Station hill. The limestone beds which seem to 
be continuous all along the west side of the band shows in great force around the 
Letchmapur hilL The limestone is grey in colour, cherty, and greatly contorted 
and vandyked. The dark variety of limestone occurring here shows a decided 
blue colour when freshly broken. Overlying the limestone are beds of micaceous 
argillite with here and there small beds of limestone. Small lenticular inclusions 
of the same rock are numerous. The limestones are generally sub-crystalline, 
but sometimes really crystalline. The argillite beds which are of dark- 
greenish or bluish-green grey colour roll about a good deal, but have a 
general dip to the east. The eastern boundary is not seen at Letchmapur, 
owing to a great accumulation of kankur mixed with debris of the jaspideous 
breccia and limestone. 

North of Letchmapur the surface of this strip of Kadapa rocks is much 
obscured by cotton soil. 

At Narrainaypolliam (site of an abandoned village) the transition beds show 
very slightly, being traceable only by slight outcrops of quartdte. 

At Kodamur highly cherty limestone with some ferruginous breociated cherty 

„ , ,. quartzite forms a narrow rocky ridee 50 or 60 feet high 

Kodamur section. i_ xi. j- i_ m xv ^\. £ jZ 

above the surroundmg country. To the north of the 

village the ridge rises considerably and joins the group of low hills which lie 

eastward of Khammamett, and here the outlier attains its greatest width of about 

2 miles. The hills consist of rather shaly quartzites with 
ma^tt" *"* ^*^*'"^* numerous beds of limestone in the valleys betwewi. The 

rocks in the western side of the band show some ezten. 
sive contortions, but on the eastern side they have the normal easterly dip towards 
the faulted boundary. Considerable contortion of the quartzite beds is also 
visible still further to the north near Bagunadhapuram. North of Bagunadha- 

puram the base of the Kadapa rocks is again formed of 
Umwto^a*^^^'*'*™ limestones, butin this case they are very little altered and 

almost lithographic in their very fine and close texture* 
They are fairly thick -bedded and mostly of grey colour. They appear to be over- 
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laid bj qnartzites, bnt time did not allow me to explore tlie thickly wooded hills 
lying between ih» limestone beds and the Chintaknrti Trigonometrical Station. 

5. The Mwiherla Outlier, 

This outlier consists of qnartzites forming the crest and sonth face of the ridge 
which runs north-eastward from the Mucherla (Moocherla) Trigonometrical Sta- 
tion. The beds are out o£E abruptly at their western extremity, and there is certainly 
no connection between them and the qnartzites on the Chintakurti hill 5^ miles to 
the south-west-by-south, the whole intervening space being occupied by gneissio 
rocks. The quartzites appear to extend further eastward across the valley 
drained by the headwaters of the Wyra and to join the hills north and north- 
east of Mudlapad which contain numerous bands of quartzite. A bed of sub- 
crystalline limestone is exposed to the west of the small tank north-west of Mudlapad 
and traces of ferruginous quartzite breccia are very numerous in the talus along the 
south foot of the hills. The hills are thickly covered in most parts with low 
tree jungle, and it is only When quite close to them that their petrological dis- 
tinction from the neighbouring gneiss hiUs becomes apparent. This is especi- 
ally the case at their eastern extremity. 

The plain immediately south of these hills consists of gneiss with various 
beds of massive hornblende rock against which the quartzites are unquestionably 
faulted down. As before mentioned, want of time prevented my working out 
the details of this interesting outlier of the £[adapa rocks. It is I believe sepa- 
rated from the main spread of the Godavari basin of the Kadapa rocks by a con- 
siderable fault running nearly north and south, a little to the west of Junjurlagutt 
Station hilL 

III. The River AUuvta. 

But little can be said of the river alluvia, that of the Kistna excepted, no 
features of special interest having been worked in connection with them. 

The alluvium of the Muni^m is generally very sandy, as might be expected 

from a river draining so large an area occupied by highly 

-y^ ^vittmo ^- giliceous rocks. IS ear its mouth, however, the banks and 

small islands in it consist mainly of dark silts formed of 

washed up cotton soiL 

The Wyra, which through the greater part of its course drains a regur 
covered country, shows much dark silt in its banks, 
^™' but here and there, as for instanoe just below its junc- 

tion wi^ the Ghimplagudem stream, there are considerable shows of sandy 
alluvium. The valleys of the headwaters of the Wyra contain considerable 
deposits of loam, often with nrach kankar, resting upon or intercalated with bedi» 
of coarse shingle. 

Much attention was paid to the gravek in the dry beds of all the rivers and 

streams in order to ascertain whether any debris of the 

^^^ * carboniferous rocks might be contained in them which 

might help one to tface out the localities where oui^ier s of the Gondwana rocks 

might occur, but no outliers were discovered by this mode of search. It was very 

remarkable how very few pebbles d! the various Qondwana sandstones and of the 
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softer members of the Kadapa rocks were to be found in the streams after the 
first few hnndred yards below their onginal sites. All the softer masses of stone 
seem to have been speedily rednoed to sand by the violent action of the streams^ 
which only flow sufficiently to move the debris in their beds when swollen by 
heavy rains, but then become furious torrents. No organic remains were noted 
in any of the alluvia. 

The most important alluvial deposits within the area now under consideration 
are those lying on the left bank of the Kistna along what 
of^e KUto^!^ ^""^^ °^*y ^ conveniently defined as the Amaravati (tJmara- 
wutty) reach of the river. These deposits consist of 
sandy shingle beds which have in many places been worked for diamonds. No 
workings were in progress at the time of my visit, thongh large areas of the shingle 
beds have not been turned over as yet. From enquiries I made from the people 
at Mugalur and Partial (PurtyaU), I believe that the diamond industry is crushed 
by the heavy royalty levied and by other absurd restrictions imposed by certain 
people at court in Hyderabad. There is certainly no geological reason why the 
undisturbed gravels should not be as rich in diamonds as the positions of the same 
beds explored in past times. That the old workings were held to be of consider- 
able value is evident from the fact of their having been retained by the Nizam 
when the Ghintur circars were made over to the East India Company. 

The shingle consists mainly of quartzite which has been very highly water 
worn. The number of gneissic pebbles occurring in the shingle is vet7 small, 
while ag(ates and trap pebbles derived from the Deccan Trap are of great rarity 
in the sections examined. 

The gravels lie at considerable levels above the river, but it is almost impos- 
sible to trace their upper boundaries because covered by great cotton soil spreads. 

IV. Svh'Aerial Formation and Soils. 

The sub-aerial formations met with were very few and mostly of small extent 
and interest. Fermginous pisolitic gravel is scattered in small quantity over the 
surface of the red soils where they are richly ferruginous and in the proximity of 
magnetic iron beds and of the hasmatitic granular quartz rocks, e,g., of Pengolhill 
(see page 18) . The dark-brown to bluish-black often botry- 
H»matitic incputta. ^j^g^j incrustations of the outer surface of parts of the jas. 
tion in breccias. . . , -rr , , . „ , 

pideous breccia m the Kadapa rocks, especially on the knoll 

south of Shemav&la Trigonometrical Station, and at Eodamur (5^ miles south- 
east of Elhammamett) are due to weather action on small reniform masses of 
dense Hmonite (brown hsnnatite) enclosed in tl\e rock. The same action, but on 
a much larger scale, has taken place in some of the brecciated quartzites in the 
Mucherla outlier and in a breccia bed close to the boundary of the Kadapa rocks 
where crossed by the road leading from Singareni town to the centre of the coal- 
field near Yellindellapad, the cementing medium in these cases is red hsdmatite, 
rich enough to have been used as an ore by the native smelters. 

Small deposits of carbonate of lime in the shape of vermicular or nodular 
kankar are common enough, as they are in all tracts where 

Kaukar dcpoBiU. homblendic rooks are abundant. Only one locality was 
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noted where the kankar deposit was sufficiently extensive to attract attention. 
This was to the west of Bajawarmm (4fJ miles north.east of Maddir^). 

Only two classes of soil are represented in this region — the red and the black. 
Of these the black occupy nearly all the southern and 
eastern central parts of the country south of Khamma- 
mett and the hills to the east of it, these parts being open and approximately 
level. Wherever hills rise in the plain, or the surface is rugged and broken, red 
soil puts in an appearance. This is markedly the case along the western side of 
our area, where the granitoid rocks have a rough and broken surface. Very few 
patches of cotton soil occur here. 

No spreads of soda or white soil were observed. 



Geological Sketch of the cowntry between the Singareni Coal-field and Hyderabad, 
by R. Bruce Pootb, F.Q-.S., Deputy Superintendent, Oeological Survey of 
India. (With a map.) 

The geological data here given were gathered while carrying a broad tra- 
verse from the Singareni Coal-field westward to Hyderabad, in order to ascertain 
whether any outliers of the Barakar or Indian carboniferous rocks occurred in 
that tract, the presence of which might influence the choice of direction for the 
new railway to be constructed between Hyderabad and Warangal. 

The examination of the tract in question unfortunately dispelled the hope 
Existence of coal-mea- oi finding any outliers of the coal-measure rocks west- 
sareB disproved. ward of the Singareni coal-field. 

The whole large tract included in this traverse was found to consist of bands 
of granitoid gneiss of slightly varying characters overlaid only by the local allu- 
via of the various small rivers traversing the country or by unimportant sub- 
aerial deposits of very recent character. Of intrusive rocks a considerable 
number of trap dykes were mapped, but many were not followed up through the 
extensive scrub jungles for want of time. 

The country is, as a rule, open and undulating, but rocky hills both isolated 
and in small groups are not unfrequent, and some of them 

tract exaSd.^ ^^ ^^^ ™® ^^^^^ °^* °^ *^® P^^^ *^ ^ height of from 500 to 800 
feet. Smaller hills are numerous, as are also great rocks 
and tors as well as low broad " whaleback " eminences, which afford a good look- 
out over the surrounding country. But for these frequent eminences a far 
greater time would have been requisite to enable one to acquire anything like a 
good idea of the country, as over great tracts the scrub jungle is just high and 
thick enough to shut out the view even when traversed on horseback. The 
jungle is not thick enough, however, to hide the character of the country when 
overlooked from an elevation of a few score feet or so, and the numerous rock ex- 
posures show up well, even when flat, or nearly so, because of their light 
colour and generally more or less glistening surface. The latter quality often 
makes them conspicuous at a distance of several miles. 
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The shape of the area covered by the traverse may be described roughly as 

a scalene triangle whose shortest side corresponds with the 

b/tm?er8e.''''^ ''''''^^ ^^^^e of the Mnni^ru river for 6 miles northward from 

Khammamett and then for nearly 40 miles with the course 

of the Garlah, its principal northern tributary, the longer sides stretching away 

to Hyderabad with distances of 96 and 105 miles respectively. 

The country east of the Garlah had been examined by Dr. King, who 
had also made a traverse from Khammamett to Warangal vid Biravol (Beeroal), 
Murrypuddah, Nelli Kudru (Nelly Koondroo), and Kothoor, thus extending the 
known tract for a considerable distance northward of the triangular area of my 
traverse. 

All the drainage of the triangular area falls into the Elistna by the Muni^ru, 
the Paleru (Pallair), and Mussi (Moosy) and their res. 
^ ^*^' pective tributaries. The Mussi is the only one of these 

rivers which has a pretty constant flow, but even it in the hot and dry months 
often shows a perfectly dry bed for reaches of several miles in length. This is 
doubtless due in very great measure to the absence of anything like real forest. 
Even in the most jungly tracts along and east of the upper courses of the 
Munieru the thin jungle, which as Hyderabad is approached dwindles to mere 
stunted scrub or disappears altogether, is utterly inadequate to shelter the 
surface against the vertical rays of the sun in the hot season. In its present 
condition most of it may be described as an arid country cursed by large flocks 
of goats. In no other part of South India have I seen so strong a tendency to 
consume all the cattle manure as fuel, — a fact which attracted the notice of more 
than one of my Madrassee servants. 

It has been already pointed out that many hills, some in groups and some 
Q , quite isolated, rise from the surface of the granite gneiss 

tract here dealt with. The principal of these may be 
enumerated, as they afford flxed points for reference in a country where many 
of the villages do not now hold the same importance that they did when Atlas 
sheet No. 75 was originally constructed. They may be advantageously considered in 
groups, as far as possible, some of them hardly belonging to any one group because 
lying too far apart from any others. 

The most important of these groups in the eastern part of the area under 
, — . consideration may be called the Kandi Konda group from 

K™ P« ^^ IjHi ^j£ ^^^^ name which lies a little south-east of the 
intersection of the meridian of 80® East by the parallel of 17** 80' North latitude. 
To the north-west-by-north of Kandi Konda lies a considerable number of detach- 
ed rocky hills rising out of the extensive but thin and low forest which here covers 
the whole face of the country. These hills all show, more or less, the typical 
rounded outlines of granitoid masses or equally typical bold rocky masses crowned 
in many places by great tors. In the northern part of the group Bali Konda and 
thd two hills immediately north and south of it are the most lofty and striking. 

Kandi Konda itself is a fine hill, rising 800 — 900 feet or more above the plain. 
It is crowned by a small temple (the "Pagoda Station" of sheet 75), and was 
formerly fortified, as shown by three or four ruined gateways one has to traverse in 
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ascending and bj a series of cisterns, partly natural, partly artificial, a little below 
tbe snmmit. These contained a good snpply of water even in April. The hill was 
evidently of some importance formerly, as it has given its name to the taluq' in 
which it stands. From the summit of the hill the beds of granite gneiss composing it 
are seen to trend southward to the lower hills near Hydershaipetta on the Muni^ra^ 
In the' western part of the group the principal hills are the Narasimhapetta 
Pagoda hill, west of Kuppelvoy, and the ButchurazpuUy hill which lies 5 miles 
south-south- west of Elandi Konda. The continuation of the group south of the 
Munieru shows two very bold and picturesque hills the Gonigath (Trigonometrical 
Station) and the Jallipalli (JullypuUy) Drug hill, each of them showing an ap- 
proximately conical mass towering 600 — 700 feet above the plain around. The 
other hills which lie round Murrypuddah and Pindipol are much lower. 

South of the Kandi Konda group, but hardly to be reckoned to it, is Jetty- 
n 1 A y^ wu gonia, Trigonometrical Station, a rather remarkable pile of 

huge tors. Nine miles west-south-west of this hill is the 
IJrlagondah Trigonometrcial Station, a fine bold hill rising some 500 feet or more 
out of the plain over which it commands a very extensive panorama remarkable for 
the great number of low flattish exposures of rock which show through the red soil 
here prevailing. The light colour of the rocks and their shining surfaces produce 
an effect unlike anything I have seen elsewhere in granite gneiss districts. 

About 20 miles west-by-north of Urlagondah lies a small g^oup of bold rocky 
hills which I will call the Arwapalli (Arwapully) group 
P*"> ETo p. from the Arwapalli hill, a station of the Trigonometrical 

Surveyors which is the most important and highest mass in the group. It is a 
fine bold mass nearly conical in form, rising fully 800 feet above the plain, and is 
the most conspicuous hill in that part of the country. Kundaguth hill (Station), 
the easternmost member of this group, is also a considerable hill and nearly as 
high as Arwapalli. This group includes a number of smaller hills and masses 
not shown on the map. They have all been denuded of the jungle which formerly 
clothed their flanks. 

Twenty miles or a little more north of the Arwapalli group lie the southern 
members of another small group which I will call the 

izianagram group. Vizianagram group after a small but interesting hill 

bearing that name. The beds of granite gneiss composing the hill have a 
north-westerly strike and can be very distinctly traced across the intervening 
plain into the ZafEarghur hills, a distance of 4 or 5 miles. The south-western 
part of the group is formed by the Kolonpalli hills, all typical specimens of 
granite gneiss hills. 

The next group of hills may be termed the Madapur group from the village 
lying nearest its centre. The group includes six consider- 
a pur group. ^^^^ ^^^^ rather widely detached and a number of smaller 

ones, several of which are not shown in sheet 75. This group lies 12 miles south- 
west of Vizianagram hill. The principal hills in the group are the Kul Konda 
(Koolconda) at the northern extremity, the Madapur Trigonometrical Station hill, 

' The Easba of the talaq ii not at Kandi Konda village, but at Nelli Kudru (Nelly Koondroo), 
20 miles north- wesi-by -west. 
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two large hills north-east of Madapur, another large one to the west of the village, 
and lastly a very fine bold hill 700-— 800 feet high 6 miles to the sonth-east. 

To the west of the Madapur gronp the country for a distance of over 20 miles, 
though rising steadily westward, shows many fewer hills, and those are with one 
exception of much smaller size. They are too scattered to be included in groups, 
and do not require special notice. 

The only one of importance is a lofty conical mass which rises on the north 
side of the Mnssi river at a distance of 3 miles from 
the large village of Vemal Konda (Vamul Conda). The 
local name of this hill is Sudi Konda. It is the most perfectly conical granite- 
gneiss hill of large size that I am acquainted with, excepting possibly the 
Sattu Pottai in South Tinuevelly. Sudi Konda, which is fully 600 feet high above 
the plain if not considerably more, owes its shape chiefly to the concentric peel- 
ing off on a gigantic scale of thick layers of rock. 

> The numerous granite-gneiss hills south of the Mussi river did not come within 
the limits of my traverse. 

Ten miles west-north- west of Sudi Konda commences a set of granite-gneiss 
, . .... hills that joins on to the Bhonagir group which cul- 

minates in the very fine hill on which Bhonagir Drug 
is built. This is one of the finest examples of a fortified granite-gneiss hill in 
South India and must in olden times have been a place of immense strength. 
Of hills untouched by the hand of man the Raghir hill, .3 miles to the north- 
east, is a very beautiful example. The rocks here rise in bold peaked masses, 
amongst which a few fine trees are still growing, the whole being the most pic- 
turesque spot in the country between Hyderabad and Bezwada. 

The group of hills to the north of the road from Bhonagir to Hyderabad 
P t * * b"ll» though picturesque is much lower than the Bhouagir 

hills. The low hills close to the road are of no special 
interest. 

The character of the work involved in making a search for coal-bearing rocks 
over a vast area of country in a very limited space of time 
c\S't^^^r^X^ "''* debarred all close study of the older rocks. Such observa- 
tions as were made in passing were necessarily rather 
rough. Quarries are in many parts but few and far between, and the greatly 
weathered surfaces of the undisturbed rocks do not afford sufficient information 
to admit of close determination of the exact character of the rock. The detailed 
description of the petrology of this region will have to be given after a much 
closer examination of the crystalline rocks than it was in my power to make. I 
can only roughly indicate the great features which could not escape notice. 

The granite-gneisses occur, as already pointed out, in great bands running in a 
north-north-westerly direction across the line of traverse. Of these great bands 
the most easterly belongs to the Nandigama-Khammamett band of cearse grey, 
generally homblendic granite-gneiss. This includes the tract of country occupied 
by the Kandi Konda group of hills above described. Mi- 
gu'S^'weathfred^^^^^^ ^^®°°^ ^^ epidotic (pistax5itic) varieties occur occasion- 
ally, but are not common. It is not improbable, however. 
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that the micaceons yarieties are much more common than appears on cnrsoiy 
inspection, for the mica crystals are more affected by weathering than the quartz, 
felspar, and hornblende. The hornblende also is often unrecognizable on the 
weathered surfaces ; it is therefore very easy to pass from a bed of hornblendic 
rock on to a really micaceous bed without being immediately aware of the change. 
As a matter of fact, it was generally unsafe to assume the special character 
without getting sight of a freshly broken unweathered surface, which was fre- 
quently impossible as the great rounded masses were too deeply weathered to 
reveal their internal structure to the questioning of an ordinary geological 
hammer. 

Westward of the coarse hornblendic band comes a less coarse variety in which 
micaceous beds are rather more frequent, or at least more apparent. To this 
band belong the Yizianagram, Arwapalli, and Madupur groups of hills. 

West of this, again, comes a band of coarser and more porphyritic granite 
gneiss of coarse texture. As seen in the quarries to the south-west of Mutkur 
(Mootkoor), it is a greyish pink rock, which when closely examined consists of 
pinkish orthoclase, black mica, and white quartz. 

The bedding is only seen when large spreads of the rock are exposed. 

Further west hornblendic varieties again appear to predominate and the 
granitoid character of the rock becomes more marked, the original bedded 
structure of the rocks having been entirely, or almost entirely^ obliterated by 
excessive metamorphism. 

Specially beautiful examples of granite-gneiss were met with at several places, 
e.g,, at Autapuram (Owtapoorum) near the southern 
giln^-guTui!^'^''^*^^ ®^^^^ ^^^ Vizianagram group of hills, where a lovely 
pale pink and green variety of rock occurs, the felspar 
being pale pink (flesh colour) in a matrix of pale green pistacite with a few 
spangles of graphite. About 13 miles south of this beautiful epidotic rock is 
a very fine black variety of close-grained hornblendic granite-gneiss forming the 
rooky hill on which stands the Punnagherry Trigonometrical Station. 

One of the handsomest rocks to be seen in the country is a deep red and green 
epidote gneiss, which is exposed in the bed of a stream between Gutkassara and 
Auvunumpett^ 12 miles east of Secunderabad. 

Trajp-dykes. 

It would be a mistake to omit noticing the trap-dykes occurring in the granite- 
gneiss area, for they occupy important positions in many parts, and in not a few 
cases attain to very large size. For the most part they consist of moderately 
coarse diorite of black or greenish-black colour, rarely of a distinctly green tint ; 
the few of the most important may be enumerated : — 

1. — A group of large dykes, north of Maddallapatti and 3 miles west of 
Khammamett. 

2. — A very large dyke at Pindipol (Pindypoal) at the south end of the 
Kandi Konda hill group. 

3. — Two large dykes south of Kandi Konda. 

4f.— A very large dyke at Inkirti, 20 miles north-west of Kandi Konda. 
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5. — A very large djke miming for more than 12 miles north and south 
through the centre of the Madapur hill group and forming several con- 
siderable ridges. 

6. — A large and lofty dyke north and south at Gurjalla on the south bank of 
the Mussi river, possibly an extension of No. 5. 

7. — ^A pair of great dykes which form the crest of the southern part of the 
great Sudi Konda hill rising some 400 — 500 feet above the plain. 

8. — A large dyke forming the crests of the Kanchanpalli (Kunchunpully) 
ridge, 8 miles north-west of the Sudi Konda dyke. 

9. — ^A very large dyke running for 14 miles north-east-by-east, south-west-by- 
west, passing close north of Bhonagir Drug hill and forming several 
very conspicuous hill ridges along its course. 

10.— A large dyke crossing the plain east of Qutkassara in a nearly north and 
south direction. It forms several considerable bare rocky ridges and is 
lost to sight at the northern end in the Parvatgiri (Purvatgerry) hills, 
while to the south it disappears across the crest of Bachawaram hill on 
the right bank of the Mussi. 

In a few dykes the diorite is markedly porphyritic, and encloses large crystals 

of green felspar in a green matrix. Examples of this are 

orp yn c p. ^\)q geen at Nagawaram, 2 miles south-west of the great 

Inkirti dyke (No. 4) above mentioned, and at Surruwaillu, 5 miles south-east of 

Kandi-Konda. 

Oranite and Qtuirtz veins. 
No granite or quartz veins of any size were seen in the course of the 
traverse, but a great plexus of small and often anastomosing veins of common 
coarse pinkish-grey granite was observed cutting up the compact grey granite- 
gneiss in a very remarkable way in a hill 4 miles north-east of Autapuram (Owta- 
poorum). The granite veins are so numerous that they form very nearly half the 
mass. They strongly suggest the idea that they have originated not by intru- 
sion but by excessive metamorphism along the lines of jointing and other 
fissures in the original rock. 

Three good-sized and conspicuous runs or reefs of brecciated quartz rock form 
the mass of a moderately high ridge which runs north- 
"^*^ ^ ' eastward from the left bank of the All^ru (Allair) river, 

3 miles above its junction with the Bikaldru (Beekullair). 

Sub-aerial formations and soils. 

With the exception of a few unimportant deposits of kankar no sub-aerial 
formations were noted. 

The soils are almost invariably varieties of lal, or red, soil, and mostly very 
poor and gritty. Here and there rich soils have been 
formed by the decomposition of the trap-dykes or of extra 
homblendic varieties of the granite-gneiss. 

Cotton soil is of very rare occurrence and only a few small spreads of it were 
noted a few miles eastward of Bhonagir. 
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Note on Coal and Limestone in the Doigmng River, near Colaghat, Assam, by 
Tom. D. La Touchb, B.A., Geological Survey of India. 

It has long been known that in the N&mbar, a tribntary of the Dhansiri crossed 
by the Naga Hills road 12 miles to the south of Golaghat, there are exposures of 
coal and limestone,* and some time ago I was informed by Mr. Clift, Executive 
Engineer, Assam Railway Surveys, that a native surveyor of his party had found 
coal and limestone in the Doigrung, a stream flowing parallel to the N£mbar and 
3 or 4 miles to the west of it. As his description seemed to indicate that there 
was a considerable quantity of the minerals there, I spent a few days on my way 
to Fpper Assam this season in visiting the locality. 

The coal is exposed in the Doigrung about 7 miles above the point where the 
forest path from the Dimapdr road to Murphulani crosses the river (see Topo- 
graphical Survey Sheet No. 35, 1 inch = 2 miles), and where a forest bungalow 
has been recently built. The spot may be reached by following the path south- 
wards from Murphulani, and turning south-east at the village of Burabassa (not 
marked in the map, but close to the site of the deserted village Leti). The coal 
is seen twice in the bed of the stream, being probably repeated by a fault, with 
an interval of about \ mile between the exposures, and in each case is overlaid by 
calcareous shales containing large nodular masses of limestone, crowded with 
fragments of shells. The seam is in each case about 3 feet thick, the greater por- 
tion of it being under water and extending nearly across the river wiiii a low dip 
to west-north-west. The coal contains numerous nests and specks of the fossil resin 
characteristic of the cretaceous coal of the Khasia and Gt&ro Hills, and is presum- 
ably of the same age. Gneiss occurs about ^ mile further up stream, and the high 
ridge to the west of the Doigrung is apparently all of the same rock. It is diffi- 
cult to form an opinion as to the extent of the coal, but this is probably a portion of 
the same bed b» that found in the Ndmbar. Even if it were continuous between 
these streams, the greater portion of it would be below the water level of the 
valley, and seeing that far larger deposits are easily available in Upper Assam, 
I do not consider this coal to be of practical importance at present. In the event, 
however, of the Assam Railway being brought down the Dhansiri valley, this 
coal may turn out to be of some use, if the quality should improve to the deep ; 
the sample taken at the outcrop gives the following very poor result on assay : — 

Moisture ......••>.. 5'Od 

Volatile mntter 3106 

Fixed carbon 1510 

Ash 4876 

10000 

The occurrence of limestone in this locality is a fact of far greater importance, 

there being so great a scarcity of this rock in the Naga Hills, the lime for which 

is at present obtained at a great expense (about Rs. 10 per maund) from Sylhet. 

Mr. Medlicott in 1865 expressed his surprise that no use had been made of tbe 

1 Medlicott, Momoirs, Geological Survey of India, Vol. IV, Pt. 8, p. 26. .Mallet, Ibid., Vol. 
XII, Pt. 2, p. 17, note. 
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limestone on tlie Ndmbar, bnt from that day to this only one attempt, and that 
a feeble one, has been made to bum the stone. 

The Doigning limestone is found about 3 miles above the forest bungalow 
above mentioned, where a bed, of which from 3 to 6 feet is visible above water, is 
exposed on the left bank of the stream, dipping north-east at about 50°. Mr. 
Mitchell, Assistant Engineer, is at present engaged in cutting a path to the spot 
and opening pits at a short distance from the river bank, in order to discover the 
extent of the bed. The density of the jungle renders it impossible to see how far 
the bed extends without this being done, but I think that enough stone can cer- 
tainly be raised without much difficulty to supply the wants of, at any rate, the 
Naga Hills. It will only be possible to obtain the stone during the cold weather, 
as the pits will be under water during the rains. The limestone is similar to that 
seen below the falls on the Ndmbar, and it is possible that it may be found on the 
low lidge separating the Doigrung from the Nambar, in which ease quarries, not 
liable to be flooded every year, might be opened in it. In fa«t, it is not impro- 
bable that sufficient limestone may be obtained here to supply the wants of a large 
part of Upper Assam. An assay of the Doigrung limestone gave the following 
result : — 

Cu-bonate of Hme 72*97 

„ „ magnesia 7*33 

Oxide of iron, aluuiiua and magnesia ...... 9'00 

Insoluble. 1070 

10000 



Homotaxis, as illustrated from Indian Formations by W. T. Blanford, F.R.S., 

Sec. G.S., F.R.G.S.* 

In commencing an address to the Geological Section of the British Associa- 
tion on the first occasion on which that body has met outside of the British Islands, 
I feel much difficulty. Amongst the eminent geologists who have filled the post 
which you have done me the honour of calling upon me to occupy for the present 
year, there are several who would have been able, from their knowledge of both 
European and American geology, to treat with authority of the many points of 
interest elicited by comparison of geological phenomena on opposite sides of the 
Atlantic Ocean. My own experience has been chiefly derived from the distant 
continent of Asia, and I have not that intimate acquaintance with the geology of 
Europe, nor that knowledge of the progress of geological research in America, 
which would justify my entering upon any comparison of the two continents. It 
has, however, occurred to me that amongst the questions of wide importance 
connected with the correlation of strata in distant parts of the world, there is one 
to which some interesting contributions have been made by the work of the 
Geological Survey of India» and by the geologists of Australia and South Africa ; 
and that a short time might be profitably devoted to a consideration of a few 

^ This is H reprint of Mr. Blanford's address as President of the Geological Section of the 
British Aisocitition, ut Montreal, 1884. 
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remarkable exceptions to the rule that similarity of faunas and floras in fossi* 
liferoos formations thronghont the surface of the world implies identity of geo- 
logical age. 

It has probably oconrred to other geologists here present, as it has to myself, 
to be engaged in examining a country the geology of which was absolutely un- 
known, and to feel the satisfaction that attends the first discovery of a character- 
istic fossil form. A clue is at once afforded to the geology of the region ; one 
horizon at least is believed to be determined, and from this horizon it is possible 
to work upwards and downwards until others are found. 

It is, therefore, of special importance to those engaged in geological explora- 
tion to satisfy themselves whether the conclusion is correct that identity, or close 
specific similarity, amongst fossil forms, is a proof that the beds containing them 
are of the same geological age. It has been pointed out by some of the most 
careful thinkers, and especially by Forbes and Huxley, that a species requires 
time to spread from one area to another ; that, in numerous cases, a migratory 
specific form must flourish in the region to which it has migrated, after it has 
died out in its original birth-place ; and that the presence of the same species in 
two deposits at distant localities may rather tend to indicate that both were not 
formed simultaneously. Huxley, as is well known, invented the term ' homotaxis * 
to express the relations between such beds, and to avoid the possibly misleading 
expressions ' geological synchronism/ and 'contemporaneous origin.' 

Despite such cautions, however, it still appears to be generally assumed by 
palsBontologists that similarity between faunas and floras is evidence of their 
belonging to the same geological period ; that the geological age of any formation, 
whether marine, fresh-water, or subaerial, can be determined by a comparison of 
its organic remains with those of other deposits, no matter how distant, of which 
the position in the geological sequence is ascertained : in short, that homotaxis of 
marine, fresh-water, and terrestrial forms implies geological sjmcbronism. 

That, as a general rule, homotaxis affords evidence that beds exhibiting it 
belong approximately to the same geological period, appears supported by a 
large amount of evidence. But there are some startling exceptions. I propose 
to notice a few typical instances, several of them Indian, in which the system of 
determining the age of various formations by the fauna or flora has led to con- 
tradictory results, before attempting to show wherein the source of the error 
appears to lie. Nothing would be gained and much time would be lost by enter- 
ing upon the details of all the cases known, even if I were able to give authentic 
particulars, which is doubtful. It will be sufficient to cite some characteristic 
examples, concerning the details of which satisfactory evidence is forthcoming, 

Pikermi Beds, — There are but few f ossilif erous deposits on the face of the earth 
that have attracted more attention than the Pikermi beds of Greece. In one of 
the most classical and famous sites of the world, a few miles east of Athens, 

just where 

The monntain* look on Marathon, 
And Marathon looks on the sea, 

some red, silty beds occur, abounding in vertebrate remains. Some of the bones 
were described by Wagner and others, but for a complete account of the faana we 

I 
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are indebted to Professor Albert Oaudry, wbo has himself collected by far the 
greater portion of the remains hitherto procured. The following is a list of the 
genera determined ; it is unnecessary to g^ve the specific names : — 

MAMMALIA. 
V^lHLkTta,'^Me$opithecu$t 1 sp. 
Carkiyoba.— 5imocyo«, 1 ; Muxiela, 1; Promephttit, 1; Ictitkeriun, 8; Byanarciut, 1; 

Byoena, 1; Sycenictis^ 1 ; Felu 4j MacharodusyY, 
VRO-RO&oiDHk.— Mastodon, 2; Dinoiherium, 1. 
UwGULATA.— CArt?ieo/A^«m, 1 ; Ehinoctros, 8; Aeeroiktrium, 1 ; Leptodom, 1 ; Hipparion, 

1; Su9, 1} Camelopardalis, 1; HeUadoHeriwm, I ; Oranus, I; Palaotrapmt, I; 

Frotragelaphwy 1 ; Paltaoryx, 2 j I^<tffocerfu, 2 ; Palaoreat, 1 ; Antidoreat (?), 1 ; 

Oazella, I ; Antilope, 3 ; Dremotherium, 2 ; Cervus, 1. 
RODENTIA. — Mus (Acomytl), 1 ; Syttrix, 1. 
Edbktata.— j(ftryZo<Am«m, 1. 

AVES. 

PhatianuMt 1; OaUu$,l; Gen. gaUinae. indet., 1; Orut,!; Oen, ciconidar.indet.,1. 

BEPTILTA. 
Tetindo, 1 ; Farantft, 1. 

Of mammalia alone there are known from this deposit 33 genera, of which 22 
are extinct, and 47 species. 

Now, this fauna is almost invariably in European works quoted as Miocene. 
Of the species found no less than 14 — Simocyon dtaphorus^ loiitherium robustunij 
J. hipparionum, Hyoena eximia^ Hi/csnidbia grmea^ Mackcerodus cultrtdens, Mastodon 
turtcensiSf Dinotheritim gigavteum^ Bhinoceroe echleiermackeri, Hipparion graciley 
8ti8 erymanthiusy Helladotherium duvemoyi, Tragocerus amaltheus, and Oazella 
hrevicomis — are met with in other European deposits assigned to the Miocene 
period. It is true that one of these deposits at least — ^that of Eppelsheim — has 
been shown on stratigraphical g^unds to be much more probably Pliocene 
than Miocene, and the position of other deposits has been determined by the kind 
of argument which, as I shall show, has proved misleading in the case of Pikermi 
itself. Nevertheless so general is the consensus of opinion amongst palssontologists, 
that the beds with Hipparion at Pikermi and elsewhere are quoted as especially 
included in the Miocene system by the French Committee of the International 
Geological Congress. Amongsb English writers the Miocene age of the Pikermi 
beds appears generally admitted, as by Mr. Wallace,^ Professor Boyd Dawkins,^ 
Mr. E. T. Newton,* and many others. Professor Gaudry himself is much more 
cautious ; he classes the fauna as intermediate between Pliocene and Miocene, and 
only relegates it to Upper Miocene because that is the position assigned by other 
paleeontologists to beds containing remains of Hipparion, However, in his 
subsequent works Professor Gaudry has classed the Pikermi fauna as Miocene. 

Now, the lowest of the beds with the vertebrate fauna at Pikermi were by 
Professor Gaudry himself found to be interstratified with a band of grey conglo- 

1 Oeographieal DUirihution of Animal*,' i, p. 116. 

■ Q, J. Q, 8. 1880, p. 889. 

• Q. J. Q, S. 1884, pp. 284, 287, &o. 
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merate containing four characteristic mcbrine Pliocene molInsca*-*Pec^ henedietuSf 
Lam. ; Spondylu$ gcederopus, L. ; Osirea lamdlosa^ Brocchi ; and 0. undata, Lam« 
It should be remembered that the Pliocene fauna of the Mediterranean area is 
the richest and most typical in Europe, and is as well known as any geological 
f anna in the world. It should also be remembered that the Pliocene beds are well 
developed in Greece at other localities besides Pikermi. Professor Graudry espe- 
cially points out that the vertebrate remains, supposed to be those of Miocene 
animals, are deposited in a stratum overlying a marine bed of undoubted Pliocene 
age, and he proposes the following hypothesis to a<H>ount for the presence of Miocene 
fossils in a Pliocene stratum. The remains found at Pikermi are, he thinks, those 
of animals that inhabited the extensive plains which in Miocene times extended 
over a considerable proportion of the area now occupied by the Eastern Medi- 
terranean and which united Greece to Asia ; the plains were broken up by the 
dislocations that took place at the close of the Miocene period, and the animals 
escaped to the mountains, where they died for want of space and of food. Their 
bones were subsequently washed down by the streams from the hills and baried 
in the Pliocene deposits of Pikermi. 

Professor Gaudry evidently has no very profound faith in this hypothesis, and 
it is unnecessary to refute it at length. One fact is sufBcient to show that it is 
untenable. However sudden may have been the cataclysm that is supposed to 
have broken up the Miocene plains of Attica, a very long period, measured in 
years, must have elapsed before the Pliocene marine fauna could have established 
itself. Now, the bones of mammals exposed on the surface decay rapidly ; the 
teeth break up, the bones become brittle. It is doubtful if bones that had been 
exposed for only five or six years would be washed down by a stream without 
being broken into fragments ; the teeth especially would split to pieces. The con. 
dition of the Pikermi fossils proves, I think, that they must have been buried very 
soon after the animals died, that they were not exposed on the surface for any 
length of time, and that they could not have been washed out of an earlier forma- 
tion, and it appears to me incredible that the Pikermi mammals were not 
contemporary with the Pliocene moUusca that occur in the same beds. In short, I 
cannot but conclude that the Pikermi mammals were Pliocene and not Miocene. 

This view is entirely in accordance with the opinions of Theodor Fuchs.^ He 
has given a good account of the geology of various places in Greece, and amongst 
others of Pikermi. He found, again, the conglomerate with Pliocene marine 
mollusca interstratified with the basal portion of the mammalif erous beds, and he 
concludes * that not only is it clear that these mammaliferous beds axe of Pliocene 
age, but that a comparison of their geological position with that of the marine strata 
of the PirsBus proves that the Pikermi beds occupy a very high position in the 
Pliocene, and are probably the highest portion of the system aa developed in the 
neighbourhood. 

Fuchs also shows that the principal Pliocene mammaliferous beds are of later 
date than the typical Pliocene (Subapennine) beds of Italy, and that some mam. 
malia found associated with the latter comprise forms identical with those of the 

1 Denkgchr. JT. Aead. Wiss, Wien, 1877, xzxvii. 2e Abth. p. 1. 
" X. c, p. 30. 
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Pikenni beds. In subaequent papers on the age of the beds containing fippamff 
the same writer shows reasons for classing these strata in Italy, France (Vancluse), 
and (Germany as intermediate between Miocene and Pliocene. This leaves the 
difficulty nnsolved» for he had shown the Pikermi beds to be high in the Pliocene 
system. They rest nnconformably npon certain fresh- water limestones, clays, &c^ 
containing plants and mollnsca, and classed by Gandry as Miocene, bat by Fnchs 
as Pliocene. Thns by both writers the mammalif eroos beds of Pikermi are referred 
to a considerably later geological horiaon than those containing identical species 
in other parts of Europe. 

It wonld require too much time to enter into the still more difficult question of 
the various plant-bearing beds in different parts of Europe and in Greenland con- 
taining a flora classed by Heer and others as Miocene. Gardner has given reasons 
tor considering the Greenland beds Eocene ; Fuchs, as just stated, is of opinion 
that the Greek beds are Pliocene. One i>oint should be noted, that the more 
northern flora is considered older than the more southern, and it will be remarked 
that the same observation applies to the supposed Upper Miocene fauna of France 
and Germany and the Pikermi fauna of Greece. 

Biwalik. — The next instance which I shall describe is another of the most im. 
portent fossil mammalian faunas of the Old World, that found in the Upper 
Tertiary beds that fringe the Himalayas on the south. The name applied to this 
fauna is taken from one of the localities in which it was first found, the Siwalik 
(correctly, I believe, Shib-wAla) hills, between the Deyra Dun and the plains north 
by east of Delhi Bones of Siwalik mammalia are found, however, throughout a 
considerable area of the Northern Punjab. 

The Siwalik fauna has been worked out, chiefly by Falconer and Lydekker, the 
last-named being still engaged in describing the species* The following is a list 
of the genera found in the true Siwalik beds^ :— 

MAMMALIA. 
PuKiTM^PatiMjntAtfMit, 1 tp.; Maemctu, S; SemndpiHecmt, 1 ; Oynofepkahu, 2. 

1 ; S^mtarciut, 8; Ctifiw, 2 ; Viverra, S; My^ena, 4; BjfmmetiM^ 1 ; LtpO^mma, 1 ; 
^ImrapriSf 1 ; XlmrogaiU, 1 ; Felu^ 5; Maehmrodut, 8. 

Pbobosoidsa— ^/tfpAM, 6 (BmelephoM, 1 ; Loxodon, 1 ; SUgodom, 4) ; Mastodon, 6. 

UvaVLATA.— Chalieotherium, 1 ; Jikinoeerot, 8 ; Equut, 1 ; Sippanon, 2 ; Sippopoinmus, 
1 J Tttraeonodon, 1 ; 8us, 5 ; Mippohgw, 1 ; Samitherium, 1 ; MergeopoiamuM, 1 ; 
Cervut, 8 ; Doreaiherimm, 8 ; Trttgulus, 1 ; MotekmSf 1 ; Propalmomwy*, 1 ; Cawtdopar* 
dalii, 1 ; BeUadoikenrnm^ 1 ; Bydofpitkerium, 2 ; Sivmik^imm^ 1 ; Aleelmpkm$* 1 * 
OoMelkh 1 ; Amiilops, 2 ; Ureas, (?), 1 ; PalaortfS, {h, 1 ; Portax, 1 ; Hemibos, 8 ; Lspto* 
bos, 1 ; Bubalus, 2 ; Bison, 1 ; Bos, 8 ; Buoapra, 1 ; Capra, 2 ; Ovis, I ; Camelus, 1. 

BODBNTIA.— JftM (iVefOiHa), 1 ; Bhgtomvs, 1 ; Hysirig, 1| Lspus, 1. 

AVBd. 

Oraemlus, 1 ; PelseanMS, 8 ; LepioptUa, 1 ; Qom, non dst. eieomid^ 1 ; Msrgus, 1 ; Simtkio^ 
1 1 Drommus, 1; Osn. uon dsL sirutk,, 1. 

1 Lydekker, J. A. 8. S, 1880, pt. 2, p. 84 ; Pahtoniotogia Indie; ser. x. vols, i, ii, iii ; 
Mseords, Geological Survey of India, 1883, p. 81. I am indebted to Mr. Lydekker for some on- 
pabliihed additioiu, aud for aid in oouipiliug both the Siwalik and Pikenni lists* 
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REPTILIA. 

CBOOOT>iUkr^Cfroeodilu3t 1; Qkarialu,Z, 
Laos&TILIA — Varamus, 1. 

Ghilovia — Coloiwekeljft, 1 ; TBMindo, 1 ; B^ia, 2 ; DaMonia, 1 ; Smy», 1 ; CaiUfeya, 1 ; 
Tariff skwa, 1 ; Rm^da, 1 j TVionifX, L 

PISCES. 
BagariiUt !• 

Now, nntdl within the last few years, this fanna was classed as Miocene by 
European palsdontologists as unhesitatingly as the Pikermi fanna still is, and in 
the majority of European geological works, despite the nnanimons opinion of all 
the geologists who are acquainted with the sub-Himalayan beds, the Siwalik 
fanna is still called Miocene. The geologists of the Indian Suryey, however, 
classed the fossiliferous Siwaliks as Pliocene, on both geological and biological 
grounds. With regard to the latter, not only does the fauna comprise a large 
number of existing genera of mammals, such as Maoaoua^ Semnopifhecus, Ursus, 
Elephas (EuelepJuu), Equus^ HijppopoiamWj Oamelopardalis, Bob, Hystrix, Mtta, 
and especially MelUvorai Meles, Oapra, Ovts, Oamelus^ and Bhizomya, but three 
out of six or seven clearly determined species of reptiles, viz. — Orooodihis paluB- 
triSy Okarialis gangeticus, and Pon^^^ura tectum— >are living forms now inhabit- 
ing Northern India, whilst all the known land and fresh-water mollusca, with 
one possible exception, are recent species. 

These data, however, although very important and very cogent, belong to a 
class of facts that have led, I believe, in other cases to erroneous concltisions. 
The geological evidence is far more satisfactory, and it is not liable to the same 
objection. 

The whole Siwalik .&una, as given above, has been obtained from the upper 
beds of a great sequence or system. Beneath the fossiliferous strata at the base 
of the North-West Himalaya there is an immense thickness, amounting in places 
to many thousands of feet, of sandstones, clays, and other beds, from none of which 
racognisable fossils have been procured. The first beds of known age that are 
met with below the mammaliferous Siwaliks are marine rooks belonging to the 
Eocene system. 

But as we pass from the Himalayas to the south-west, along the western 
frontier of India in the Punjab, and onwards to the south in Sind, the same 
Siwalik system can be traced almost without interruption, and in the last-named 
country the lower unf ossilif erous strata become intercalated with fossiliferous 
beds. In Sind the upper Siwaliks no longer yield any yertebrate remains that 
can be identified, but far below the horizon of the Siwalik fauna a few bones 
have been found, and the following mammala have been identified ^ :— 

CAMViroJLA.'^Amphicyon paUnndietu, 

PBOBoeomiA — Mattodon laiidsus, M. perimeiuU, Jf. faUoneri, M. pandionu, Jf. anyiw- 

tiiUmst Dinoikerinm indioum, D rindienge, D, vmkt^poiamim, 
VvovJ'ATJi'^BhiMceros twaUnns, vtMr, iiUermediiu, Aeeroiherinm p$rimen9€. A, Uamfordit 

Sui kgtndrieuMf HyotUrium nmdiente, Anthraeotheritm iilitirmue, A. hyopoiamoideMt 

^FoL Indn Mr. xj Sm., Ch^oL 8wv. Ind^ 1888, pp. 82, &o. 
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Hyopotamus paltnndiciUt R, giganteuB^ Rmnimeryx blanfordi, Sitameryx nndietuis 
Agrioohoiriu 8p. DoreathsHum tntijus, D, miuu*. 
Edbntata.^ Jfaiitf (?) tindienns. 

Although about one-third of the species above named have been found also 
in the upper Siwalik beds of the Punjab, it is unnecessary to point out in detail 
why the lower Siwalik fauna is clearly by far the older of the two. The absence 
of such living genera as Elephas, Bos, EqwiSy &c,, and the presence of so many 
typically Middle Tertiary forms, such as Dinotherttim, Anthracotheriwn, and 
HyopotamtM, shows a great change. The mollusca tell the same tale. All the 
forms known from the upper Siwaliks, with one exception, are recent species of 
land and fresh-water shells now living in the area. Of seven fresh-water 
mollusca ' found associated with the lower Siwaliks^ none appears to be identical 
with any living species, and only two are allied, one closely, the other more 
remotely, to forms now met with in Burma S(f of longitude further east. 

Before proceeding with the argument it is as well to call attention to the vmj 
important fact just mentioned. It has been asserted over and over again that 
species of nuMivmalia are peculiarly short-Hved, far more so than those of mollusca. 
In this case, so far as the evidence extends at present, one-third of the species 
of mammalia survived the changes that took place, whereas not a single moUusk 
is found both in the upper and lower Siwaliks. It should be remembered that 
the recent moUuscan river fauna of this part of India is very poor in species, and 
that we probably know a considerable proportion of that existing in Siwalik 
times. 

The geological age of the lower Siwalik beds of Sind is shown by their pass- 
ing downwards into marine fossiliferous beds, known as the Gdj group, of Miocene 
age, the following being the section of Tertiary sixata exposed in the hills west of 
the Indus :— 

Ft. 

ft--. __.„( Upper . . 5,000 unfoiBiliferoui . . Pliocene 

Manohab J ^®^®^ . . 8,000 to 6,0C0 foMiliferoug . Upper Miocene op 

L Lower Pliocene 

Gaj . . 1.000 to 1,600 foflsiliferons . Miocene 

Nam (* Upper , • 4>000 to 6,000 unfossiliferous . Lower Miocene 

x^Asi '(Lower . . 100 to 1,600 fossiliferous . Oligocene 

Khtsmah ( ^PP®' • 600 to 8.000 foMiliferouB .^i5i™„« 

KHIBTHAB ^j^^^^ g^^^ foesUiferons . J Eocene 

Clearly the lower Siwaliks of Sind cannot be older than Upper Miocene ; 
therefore the Upper Siwaliks, which are shown by both biological and geological 
evidence to be of much later date, must be Pliocene. 

Qondwana system of Indda.^^Jji the peninsula of India there is remarkable 
deficiency of marine formations. Except in the neighbourhood of the coast or of 
the Indus valley there is, with one exception (some cretaceous rocks in the Ner- 
budda valley), not a single marine deposit known south of the great Gangetic 
plain. But in Bengal and Central India, over extensive tracts of country, a 
great sequence of fresh-water beds, probably of fluviatile origin, is found, to which 
the name of Gondw&na system has been applied. The uppermost beds of this 

> Mem , Qeol. Sure, Ind,, vol. xx, pt. 2, p. 129. 
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s/stemj in Caidi to tHe westward, and sear the montli of the GoddTari to the 
eastward, are interstratified with marine beds containing fossils of the highest 
Jurassic (Portlandian and Tithooian) types. 

The Gondwana system is a true system in the sense that all the series com- 
prised are closely connected with each other by both biological and physical 
characters, but it represents in all probability a much longer period of geological 
time than do any of the typical European systems. The highest members, as 
already stated, are interstratified with marine beds containing uppermost Jurassic 
fossils. The age of the lowest members is less definitely determined, and has 
been by different writers classed in various series from middle Carboniferous to 
Middle Jurassic. The Gondwdna beds from top to bottom are of unusual interest 
on account of the extraordinary conflict of palsBontological evidence that they 
present. 

The subdivisions of the Gondwdna system are numerous, and in the upper 
portions especially the series and. stages are different in almost every tract where 
the rocks are found. The following are the subdivisions of most importance on 
account of their fauna and flora, or of their geological relations. 

^ Cntch and Jabfilpur. 

Upper QondwilDa .< KoU Maleri, 

(.Rajmahal. 
^ Panchet. 
J Dftmndft f RinigAnj and Kamthi. 

Low«f Gondwina JUanmda • -(Barikar. 

J CKarharUri. 
C [Tilchip. 

The upper Gondw&nas, where best developed, attain a thickness of 11,000 feet 
and the lower of 13,000 feet. 

The T&lchir and Bariikar subdivisions are iar more generally present than 
any of the others. 

Tdlckir, — The T&lchir beds consist of fine silty shales and fine soft Sandstone. 
Very few fossils have been found in them, and these few recur almost without 
exception in the E^rharbdri stage. The Talchirs are principally remarkable for 
the frequent occurrence of large boulders, chiefly of metamorphic rocks. These 
bouldera are sometimes of great size, 6 feet or more across, 3 to 4 feet being a 
common diameter ; all are rounded, and they are generally embedded in fine silt. 

KarharhdrL — The Karharbari beds are found in but few localities. They 
contain some coal-seams, and the following plants have been met with ' :— - 

CovmBJB. — Bwypkyllum, 1 ep. ; Voltzia, 1 ; Alhertia, 1 ; Samaropsit, 1. 
CYOAV3AQJiM.^-OlosMtamiies, 1; Noegg«ratkiopsit, 1. 

FiLiCBS. — Neuropterist 1; Oloswpteris, 4i; Qanffomopteris, 4; 8agenopter%9, L 
Equibbtaoba.— iSei&iroittfMra, 2 ; VerUhraria^ 1. 

The most abundant form is a 6?a»^a»io/)^ertV. HheVoUzia (F. heterophylla) 
is a characteristic Lower Triassic (Bunter) form in Europe. The Neuropteria 
and Alhertia are also nearly related to the Lower Triassic forms. The species of 
Oangamwpterisj OlossopteriSf Vertehraria, and Noeggerathiopsis are allied to forms 
found in Australian strata. 

1 Feistmantel : JPuk^ontolo^ia Indiea, ser. xii. vol. iii. 
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BaTmida, — Tlie Damuda series consists of sandstones and slialet with coal- 
beds ; tlie floras of the different subdivisions present but few differences, and the 
following is the list of plants found ^ :— 

CoVTBVSLM,^Rhip%dopn8, 1 ip^ Volttia, 1 ; SamaroptU, 1 ; Cgelopittft, 1. 

Ctoadbaobje. — Pterophyllum, 2; Anomozamiies, 1 ; Noeffff&ratkiopnst 8. 

ViLiCES,^Sphenopterit, 1 ; Dichtoma, 1 ; AlBthopierit, 4; Feoopteris, I ; MerianopierU, 1 ; 
MacrotcBniopierUf 2; PaltBOvittaria, 1 ; Angiopteridium, 2; Qla»topteri$, 19; Oanffa* 
mopterit, 7 ; BeUmnopierit, 1 ; AnthrophyopM, 1 ; Dictffopter%dium,VL ; Sagenopteris, 4; 
ActinopieriSf 1. 

Eqtjisbtaobji. — Schiioneura, 1; PkyUoiheea, 8; Tritygia, 1 ; VerUbaria, 1. 

The only remains of animals hitherto recorded are an Estheria and two 
Labjrinthodonts, Branchyops laticeps and an undescribed form formerly referred 
to Archegosatbrua, The only European genus allied to Branohyopa is of oolitic 
age. 

The most abundant of the above-named fossils are Ohasopteris and Vertebrct' 
ria. With the exception of Noeggerathiopsia all the cjcads and conifers are of 
excessive rarity. More than one-half of the species known are ferns with simple 
undivided fronds and anastomosing venation. 

For many years European palsoontologists generally classed this flora aa 
Jurassic' This was the view accepted by De Zigno and Schimper, and, thonn^h 
with more hesitation, by Bunbury. The species of Phyllothecd^ Alethopterii (or 
Pecopteris), and Qhssopterts (allied to Bagenopteris) were considered to exhibit 
marked Jurassic afiBnities. It was generally admitted that the Damuda flora 
resembles that of the Australian coal-measures (to which I shall refer presently) 
more than it does that from any known European formation ; but the Australian 
plants were also classed as Jurassic. There is no reason for supposing that the 
more recent discoveries of Damuda plants would have modified this view ; tiie 
identification of such forms as true Sagenopteris and the cycads Pterophyllum 
and AnomozamUes would assuredly have been held to confirm the Jurassic age of 
the beds. So far as European fossil plants are concerned, the Damuda flora re- 
sembles that of the middle or lower Jurassics more than any other. 

One form, it is true, the Schizoneura, is closely allied to 8. paradoxa from the 
Bunter or lower Trias of Europe. Other plants have Bhstic affinities. But the 
connections with the Triassic flora do not seem nearly equal to those shown with 
Jurassic plants, and the reason that the Damuda flora has been classed as proba- 
bly Triassic must be sought in the impossibiliiy of considering it newer,' if the 
next overlying stage is classed as Upper Trias or BhsBhic, and in the close affinity 
with the underlying Karharbfiri beds, which contain several Lower Triassic 
types. 

Panohet, — ^The uppermost series of the lower G-ondwdnas consists chiefly of 
sandstone, and fossils are rare. The most interesting are remains of Reptilia and 

' Pal. Iud», ser. ii. xi. xii. vol. iii. 

■ De Zigno : Flora FotsilU Form, OoL pp. 50, 68 j Schimper; TraiU de Pal4oiUologie V4g4UUt 
L p. 646 ; Banbary ; Q. J. G. S. 1861, zvii. p. 850. 

> Feistmyiitel J Pal, Ind,, ser. xii. ?al. Hi pp. 67, 189| Ac 
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AmphtbicL The followiog is a list of the foaail animi^ and platits oorrected to 
the present time : — 

ANIMALS. 

UBPTILI*. 
Divos KV^iA^—Ancistrodfrn, 1 gp. 
DiOTKODONTiA. — DioynodoH {Plffchognafkvu), 2. 

AMPHIBIA. 
JihWrKSXtBOtKXSrik.'^G'oMogljfpttLi, 2 ; Olyptogmatkus, 1 ; Paehygamia, 1. 

CRFSTACSA. 
Sftheria, L 

PLANTS. 
CoKmsiB. — Samaropng, 1. 

Vmcma.—'PiooptiBrit, 1 ; Cyel^tpitrU^ X ; Thinttfeldia, 1 ; OtmndfiUmmt 1 ; Bhttopierit, 3. 
Sqvi8iTA.oiJi«— <$bAtcoM«tira» 1. 

The S<^i9(meura and the three specieB of OloBsopfieris are considered the same 
as Damnda forms. But with them are found two £aropean Rhratic species, 
P^oopteris concinna and Gyclopteris paokyrachie* The Oleandridiwn is also closely 
allied to a European Rhsetic form, and may be identical. The flora may thus be 
classed as typically Bhsstic. 

All the genera of Labyrinthodonts named are peculiar ; their nearest European 
allies are chiefly Triassic. Dicynodontia are only known with certainty from 
India and South Africa, but some forms believed to be nearly aUied have been 
described from the Ural mountains.^ These fossils were obtained from rocks 
now referred to the Permian.' 

Upper Qondwdnas,— 'The different series of the lower Gondw&nas are found in 
the. same area resting one upon the other, so that the sequence is determined 
geologically. This is not the case with the upper Grondwfina groups ; their most 
fossiliferous representatives are found in different parts of the country, and the 
relations to each other are mainly inferred from palseobotanical data. Although, 
therefore, it is probable that the Bajmah^ are older than the Cutch and Jabal- 
pur beds, and that the Kota-Maleri strata are of intermediate age, it is quite 
jpossible that two or more of these series may have been contemporaneously 
formed in regions with a different flora. 

EdjmaMl. — The comparatively rich flora of the lowest upper Gondw^na series 
is contained in beds interstratified with basaltic lava-flows of the fissure-eruption 
iype. The following are the genera • of plants found : — 

CoNiPiBA. — PaUsBya,! sp.; C%nn%nghanutei,1} Chiroleph, 2; Arattearite^ 1 ^ JEehmo* 

strohus, 1. 
Ctcadeaobie. — Fterophyllum, 9; Ttilophyllum,!; Ottftamites, 8; Zemitet, 1; XHefyotO' 

mitef, I ; Oyeaditet, 2; WUliamuonia, 2; Cyeadinooarpiu^ "L 
FlUOis. — Bremopieris^ 2; DofvalUoidet,!; Dioir§o%ia, 1; SymenophylUte^, 1 j Oylapieria, 

1; ThiiDiKfeldia, 1; QUiekenia, 1; Aleihopterit, 1; AjpUnttet, 1; Peoopteru, X; 

MaerotiBniopUrin, 4 ; Angiopieridium, 3 ; Danaopns, 1 ; RhUamopieris, 1. 
Equmbtaobjb.— A^ftM^nm. 

J Huxley ; Q. J. O. S., xxvi., p. 48. 

3 Twelvetreet ; Q. J. <?. S^ xxxviiL p. 600. 

* Pal. Jnd. ser ii. ; Feutmaiitel ; Records, G. S, I., ix , p. 39. 
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The marked change from the lower Gh>ndwiiia floras is visible at a ghinoe ; not 
a single species is common to both, most of the 'genera are distinct^ and the 
difference is even greater when the commonest plants are compared. In the lower 
Gondwinas the prevalent forms are EquiaetacecB and ferns of the Olouopteris type, 
whilst in the lUjmah&l flora cycads are by far more abundant than any other 
plants. The whole assemblage, moreover, is more nearly allied than are any of 
those in the lower Gondwftna beds to European Mesozoic floras. 

Of the Bijmah&l plants ^ about fifteen are allied to Bheetio European forms, 
three to Liassic or lower Jurassic (two of these having also BhsBtic affinities), and 
six to Middle Jurassic (two having Bhietic relations as well). The flora must 
therefore as a whole on purely palsBontological grounds be classed as Rhastic. 

Kota-Maleri, — The deposits belonging to this series are found in the Ood^vari 
valley at a considerable distance from the Bajmahal hills in Bengal, the locality 
for the Bdjmah^l flora. Both Bajmah^l and Kota-Maleri beds overlie rocks of 
the Damuda series. It is not quite clear whether the Kota beds, which contain 
fish, insects, and crustaceans, and the Maleri beds, in which remains of fish, 
reptiles, and plants are found, are interstratified, or whether the Kota beds overlie 
those of Maleri. That the two are closely connected is generally admitted. 

From the Maleri beds the following remains have been recorded . — 

ANIMALa 
RIPTIXU.. — Syp€rod€ip€dom, 1 ; Parawchmg, L 

PLANTS. 

CoiriFBBB.— PoZiffjya, 9 ; Ckirolepis, 1 ; Araucariiet,]!. 
Ctoadeacbjb. — Piilophyllum, 1 ; Cyeaditn, U 
FiLiOBB. — AngiofUridium, 1. 

From the Kota &esh-water limestone 9 species of ganoid fish — vt«. 5 of 
Lepidotus, 3 of Tetragonolepii, and 1 of Bapeditu — ^have been described. An 
Estheriaj a Oandona, and some insects have also been found. The fish ' are Liassic 
forms. 

The reptilia of the Maleri beds are, on the other hand, Triassic^ and closely 
allied to Keuper forms. Oeratodva is chiefly Triassic (Keuper and Bhaetic). The 
plants show relations with both the Bijmah£l and Jabalpur floras, and, as the 
palflBontological relations to beds in the same country are considered far higher in 
importance than those to deposits in distance regions, the Kota-Maleri beds are 
classed as intermediate between the Bijmahdl and Jabalpur epochs. 

Outch and Jabalpur. — Jabalpur beds are found in Central India to the south 
of the Nerbudda valley, and form the highest true Gondw&na beds. The Cutch 
beds, as already mentioned, are found interstratified with marine deposits of 
uppermost Jurassic age far to the westward, a little east of the mouths of the 
river Indus. The similarity of the plant-remains in the two series has caused 
them to be classed together, but it is not certain that they are really of contem- 
poraneous origin. 

> Feistmantel, Pal. Ind^ ser. ii., pp. 143—187 ; Mun. Qeol Ind., p. 145. 
• Pal. Ind., ser. iv., pt, 2. 

s Q. J. Q. a. 1869, pp. 1S8, 162. &c. ; 1875. p. 427; PaU Ind^ ser. !▼., pt. 3 ; Man. Qmtl. ImL 
p. 161. 



Digitized by 



Google 



^ M 



PART 1.] 



Blanfood: Homotazifl. 



43 



The following is a list of the Jabalpnr plants^ : — 

CoHZniLB. — ValUsya, 2 ; Araucariiet, 1 ; Sehinottrobus, 2 } Brackyphyllum, 1 j TaxUsi, 1 ; 

Oinjfko, 1 ; PhmmcopHM, 1 ; Czekanowikia, 1. 
CYOAj>KAOJtJR,-^PterQph^Uum,l ; FitlophgfUum, 2 ; Podotamitei 2 -, Otozamites, 4; William" 

Monia, 1 ; tyeaditet, 1. 
FiZJOBS. — Spkmopierit^ 1; DicktotUa,!; AUikopteris, 2; MaerotmniojpterU, 1; Olosto^ 

pierii, 1 ; Sa^enopUrU, 1. 

Of these thirty species nine are regarded either as identical with forms found 
in the Middle Jnrassic (Lower Oolitio) of England or as closely allied. 
The Catch plants belong to the following genera' : — 

CojXtWV&M.'^FalUt^a, 2 sp.; FaekyphyUum, 1; SckitM9trobus, 1; Arauearites, 1. 
CYOXDEAOEM.'-FHlophylhim, 8 ; OtotamUes, 2 ; Cycadites, 1 ; WUUamtoma, 1 ; CyeadoU' 

jpit, 1. 
"BmosA.'^OUafidndiuw^ 1; TamopUrUf 1; Aletkoplerit, 1; Peeopims,!; Fackypteris 

2 ; AeHnopteris, 1. 

Of the twenty-two species enumerated, four are identified with specific forms 
found in the Middle Jurassic of Yorkshire, and seven others are closely allied. 
The Gutch and Jabalpur beds, in short, are intimately related with European fossil 
floras. 

One interesting fact should be mentioned* The Gutch flora occurs in the upper 
part of the TJmia beds, the lower beds of which contain oep^oZopoia of Portlandiaa 
and Tithonian forms. In a lower subdivision of the Gutch Jurassic rocks, the 
Eatrol group, shown by numerous Ammonites to be allied to Kimmeridge and 
upper Oxford beds of Western Europe, four species of plants have been found, of 
which three are met with in the TJmia beds, and the fourth, an English oolitic 
form, in the Jabalpur series. This evidence seems in favour of the view that the 
flora underwent change more slowly than the marine fauna. 

It will be as well, before leaving the subject of the Qondwina groups, to show 
in a tabular form the geological age assigned to the flora and fauna of each 
separately, on the evidence afforded by comparison with the plants and animals 
known from European formations. 





/Catch .... 
Jabalpur .... 


PLAHTi. 


AVIMAXS. 




Middle Joiattic . 
Middle Janusio . 


UppermoBt Jarassio 
F Neooomian (marine). 


Qondw^na 


Kota .... 


— 


Lower Jurassic (Liassic). 




Maleri .... 
WjinaUl .... 


Middle or Lower 
Jurassio . 
Bh»tic . 


Triassic 


Lower 
Gondwina 


Panchet .... 
Damuda .... 


Rbetic . 
Middle Jnrasric . 


Triasstc or Permian. 
Middle JarasaicF 




, Karharb£ri, Talchir 


Lower Triasiio . 


— 



* Fal Ind,, ser. zi., pt 2. 



' FaL Ind., ler. zi., pt. 1. 
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Flora of Tonquin. — Quite recently M. Zeiller has described a series of plants 
from some coal-bearing beds in Tonqnin.* This flora is yery extraordinary in 
every respect. It consists of 22 species, and contains only two peculiar forms 
ten, or nearly one-half, are European species found in the lower Lias or Rhetic ; 
whilst of the remaining ten, five are Damuda forms —^oegf^fera^Aiopm hUlopi, 
Macrotoeniopteris feddeniy PalcBovittaria kurzi, Qlossopteris hrovmiana, and Phyl- 
htheca indica^ one species being common to the Newcastle beds and Carboniferous 
flora of Australia and two others closely allied to the forms there occurring. 
The other five are said to be Eajmahal forms, four Trnmopteris or Angiopteridium 
and an Otozamites, M. Zeiller unhesitatingly classes the Tonquin beds as 
KhsBtic. It is most singular that these coal-beds, although more distant from 
Europe by 18^ of longitude than either the Damuda or Bdjmahal beds of India, 
contain a larger proportion of European fossil species than any known Indian 
plant-beds ; whilst the association in the same strata of upper and lower Gond- 
wana forms, if well ascertained, shows how hopeless is the attempt to classify 
these deposits by plant evidence alone. 

Australian OoaUMeanbres and Associated Beds, — ^In the notice of the lower 
Gondwdna floras of India it was observed that there was a great resemblance 
between some of them and those found in certain beds of Australia. These latter 
present even a more remarkable instance of homotaxial perversity than do the 
Indian rocks. The Australian plant-bearing beds are found in Eastern and 
Southern Australia, Queensland, and Tasmania. For a knowledge of the geology 
of the country we are chiefly indebted to the writings of the late Mr. Clarke,* 
whilst the flora has been worked out by McCoy, Dana, Garruthers, and Feist- 
mantel, the last having recently published a much more complete account than 
was previously available.* 

The following are the fresh-water or subaerial beds of Australia, according 
to the latest classification : — 

6. Clarenee River beds, New Sotitb ^alev (Ifeflozoic carbonaceous of Qacensland, Yio- 

toria, and Tasmania). 
6. Wianamatto beds, N. S. Wales. 

4. Hawkesbury beds, N. 8. Wales (Bacchus Marsh sandstones, Victoria). 
8. NewcHStle beds, N. S. Wales. 

2. Lower Coal- Measures with marine layers interstratifled, N. S. Wales. 
1. Lower Gi^rboniferous beds» N. S. Wales. 

To a still lower horizon probably belong some beds in Queensland, containing 
L^idodendron nothvm and Oyclostigma, They are considered Devonian by Gar- 
ruthers, and there are some ancient plant-beds in Victoria that may be of the 
same period. 

1. Lower Carboniferous Beds. — These underlie the beds with a Carboniferous 
marine fauna. The localities given are Smith's Creek, near Stroud, Port Ste- 
phens, and Arowa. The following plants are enumerated : — 

hYOOVO-DTXOBM^-^Cyclostigma, 1 sp.; Zepidodendron, 2 or .8; Xfiorri't, 1. 

1 Bull 8oe, OSoL, ser. iii., yol. xi., p. 456. 

s Q, J. Q, 8. 1861, p. 854» and R's^otJcm on the Sedimentary Formations »»/ New SotUk 
Walet, 1878, besides numerous other works. 

» Falmontogrofhioa.'-PaL «. mes. Flora im Gttl, Austvalien, 1878-79, 
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ViLJOW^—Shacopteris, 4 ; AtehaopUria, 2 (?) ; Qlo9aopteri$, 1, 
Kquibbtao&b.— Caiamil«t, 2; SphmophffUum, 1. 

This flora contains seyeral species identical with those in the Lower Carbo- 
niferous (Bemician) of Enrope, corresponding to the mountain limestone. The 
agreement both in homotaxis and position is the more remarkable because of the 
startling contrast in the next stage. The only peculiarity is the presence of a 
Qlossopteris. This comes from a different locality — Arowa — ^from most of the 
fossils, and the species is identical with one found in a much higher series. Under 
these circunistances it is impossible to feel satisfied that the specimen was really 
from this horizon. The evidence is not so clear as is desirable. 

2. Lower OoaUMeasures wUh Marine Beds, — The following plants are re- 
corded : — 

Ctoadbacbx. — NoBggerathiopaiit 1 sp. 
PiLiCM.—G' fo«op<tfri», 4. 
£QUi8BTA«EJB.^^}mu/cir»a, 1; FhyllolKecat 1. 

In the marine beds, which are interstratified, are found lower Carboniferous 
(mountain limestone) marine fossils in abundance, such as Orthoceras, 8pirif&r^ 
Fenestella, Oonularia, Ac. The plants belong to forms declared to be typically 
Jurassic by palaeontologists. As the interstratification of the marine and plant- 
bearing beds has been repeatedly questioned by palaeontologists, it is necessary to 
point out that the geological evidence brought forward by Mr. Clarke is of the 
clearest and most convincing character, that this evidence has been confirmed by 
all the geologists who are acquainted with the country, and has only been doubted 
by those who have never been near the place. 

3. Newcastle Beds. — ^By ail previous observers in the field these had been 
united to the preceding and the flora declared to be the same. Dr. Feistmantel 
has, however, pointed out important differences. Unfortunately, as he has been 
unable to examine the beds, it still remains uncertain whether the distinction, 
which has been overlooked by all the field geologists, is quite so great as it 
appears from the lists of fossils given. The following is the flora . — 

CoviTEnM.-- Brachyphpllum, 1 8p. 

Ctoadeackje. — ZeuffophyliUet, 1 ; NoeffffereUhioptU, 8. 

FiLlCBfl. — Sphenopterig, 4 ; Gloetopteria, 8 ; QangamopUrit, 2; Caulopieru (?), 1. 

Equibbtaokjc.— PAy/to^i^a, 1 ; Vertsbraria, 1. 

The only animal known from the beds is a heterooercal ganoid fish, Urosthenes 
australist a form with Upper Palaeozoic affinities. 

It will be noticed that the difference from the flora of the underlying beds 
associated with marine strata is chiefly specific, and by no means indicative of 
great difference of age, though the only species considered as common to the two 
by Dr. Feistmantel is Olossopteris hrownianOf found also in the Damuda series of 
India, in Tonquin, and ia South Africa^ 

The plant fossils of the Newcastle beds and of the underlying series with 
marine fossils are those which exhibit so remarkable a similarity to the flora of 
the Indian lower Gondwdnas, and especially to the Damudas. The same genera 
of plants, especially NoeggeraihiopsiSy Qlossopteris, PhyUotheca, Veriehraria prevail 
in both. But the lower beds of Australia, to judge by the marine fauna, are of 



Digitized by 



Google 



46 Records of the Qeologkal Survey of India* [vol. xvui. 

Lower Carboniferous age, and it is impossible to suppose that the Newcastle beds 
are of yeiy mnch later date. They are said to be conformable to the lower beds 
with marine fossils, and even to pass into them, and they should probably, if the 
lower beds are Lower Carboniferous, be classed as Middle or Upper Carboniferous. 
Thas if the evidence of marine &unas be accepted as decisive, the Damuda beds 
of India are homotazially related to Jurassic strata in Europe and to Carboni- 
ferous in Australia. 

But the Australian Newcastle flora has been quite as positively classed as 
Jurassic by European palasobotanists as that of the Damudas. It would be easy 
to quote a long list of authorities — ^MoCoy, DeZigno, Saporta> Schimper, Carru- 
thers, and others — ^in support of the Jurassic age of the Australian beds. For 
years the testimony of Australian geologists was rejected, and doubts thrown 
upon their observations. There is, so far as I know, no case in the whole history 
of palsBontology in which the conflict of palasontological evidence has been so 
remarkably displayed. * 

4. HatpJceshury Beds. — The fauna and flora are poor. Only two fish, Olithrolepta 
granulatus and Myriolepis cUirkei, and one plant, Thinnfeldia odontopteroideSy are 
known, and of the three forms two recur in the Wianamatta beds. 

An important character of the Hawkesbury beds, to which further reference 
will be made presently, is the occurrence of transported boulders,' apparently 
brought thither by the action of ice. 

Similar boulders have been observed in certain sandstones in Victoria known 
as the Bacchus Marsh beds. From these beds two species of Qangamopteris have 
been described by McCoy. Qangamopteris^ it should be recollected, is a genus 
of ferns closely allied to Olossopteris and abundant in the Damuda and still more 
so in the Karharb^ri beds of the lower Gondwdnas in India. 

5. Wianamatta Beds. — These are the highest portion of the whole system in 
New South Wales. They contain the following organic remains : — 

ANIMALS. 

PieoES. — Palaonueus antipodeus, Chihrolepis grammlaius, 

PLANTS. 

FnJOBS. — Thinnfeldia (Peeopterit) odoniopteroides, Odontopteris wUorophgUa, Peeopteris 

tenuifoUa, Taniopierit wianamatta, 
Eqfisbtaoub. — PhifUothBca hookeri. 

The fish from the Wianamatta, Hawkesbury, and Newcastle beds, four in 
number, were considered as a whole by Sir P. Egerton to be most nearly allied to 
the Permian fauna of Europe. 

The Wianamatta plants, like those in the lower beds, are classed as Jurassic. 

6. Higher Mesozoic Beds, — ^These, which do not appear to have been traced into 
connection with the Wianamatta and Hawkesbury beds, occur in widely separated 
localities, from Queensland to Tasmania. The correlation of these widely scattered 
deposits, and the assignment of them collectively to a position above that of the 

> Wilkinson, quoted by Feistmantel, See, Qeol, Surv, Ind,, 1880, p. 250. 
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Wianamatta beds, appear solely founded npon the fossil flora, and it wonld be 
satisfactory to have in addition some geological evidence or some paladontological 
data derived from marine fossils. The Queensland flora is said to occur in beds 
overlying marine strata of Middle Jurassic age. 

The following plants are recorded from these higher beds : — 

Ctoadiackje. — Zamite» (Podozamite»\ 8 sp.; Otoxamites, 1. 

'FiLi(mB,''8phetu>pterit,l; Thinnfeldict, 1 ; (^elopUriSf I ', Alsthopterit,! ; Tamopterit,!; 

Sagenopteritf 1. 
Eqvzsbtacbx.— PhyUotheea, 1. 

Tabulating, as in the case of the Indian Gondw&na system, the age of the 
different Australian sub-divisions as determined by their fossil plants and animals 
on purely palaeontological grounds, we have the following result : — 





Pbmts. 


Animals. 


6. Higher Metozoic hedfi 


Jurassic 


Jurassic (marine). 


6. Wianamatta beds. 


Jurassic 




4. Hawkesbmy beds . . . 


Jurassic 




8. Newcastle beds . . . 


Jurassic 


Permian. 


2. Lower Coal-Measnres 


Jurassic 


Lower Carboniferous (marine). 


1. Lower Carboniferous beds . 


Lower Carboniferous 





South Africa. — ^In connection with the later Paleeozoic and older Mesozoio 
rocks of Australia and India it is of importance to mention briefly the correspond- 
ing fresh-water or subaerial formations of Southern Africa, although in that 
oouutry there are not such marked discrepancies in the paleontological evidence, 
perhaps because the relations of the beds with remains of animals to the plant- 
bearing strata are less clearly known. It will be sufficient to notice some of the 
most prominent peculiarities of these formations here, as I hope that a fuller 
account will be given to the section by Professor Rupert Jones, who has made an 
especial study of South African geology. 

In the interior of South Africa, occupying an immense tract in the northern 
parts of Cape Colony, the Orange Free State, Transvaal, and the deserts to the 
westward of the last two, there is a great system of sandstones and shales with 
some coal-beds, generally known ae the ' Karoo formation/ The sequence of sub- 
divisions is the following^" — 

Stormberg beds, about 1,800 feet thick. 
Beaufort „ „ 1,700 „ „ 
Koonap „ „ 1,600 „ „ 

The beds are but little disturbed in general, and form great plateaux. They rest 
partly on Palaeozoic rocks (Carboniferous or Devonian), partly on gneissic forma- 

> Q. J. 0. 8., uiii, 1869> p. 142. 



Digitized by 



Google 



48 Records of the Oeological Survey of India. [vol. xviii. 

tions. As in Anstralia, the nuderljiiig PalffiQsoic rocks oontaia a flora allied to 
the Carboniferous flora of Europe. 

At the base of the Karoo formation are certain shales with ooal, known as the 
Ecca beds, and remarkable for containing a great boulder-bed, the Ecca or Dwjka 
conglomerate,^ like those in the Tdlohir beds in India and the Hawkesburj sand- 
stone in Australia, the boulders, precisely as in the TSlchir beds, being embedded in 
fine compact silt or sandstone, which in both countries has been mistaken for a 
volcanic rock. The Ecca beds are said to contain Olossopteris and some other 
plants, but the accounts are as yet somewhat imperfect. The whole Karoo system, 
according to the latest accounts, rests unconformably on the Ecca beds, whilst the 
Ecca beds are conformable to the underlying PalsBozoic strata. 

Unfortunately, although a considerable number of animals and a few plants 
have been described from the * Karoo formation,' it is but rarely that the precise 
sub-division from which the remains were brought has been clearly known. 

The known species of plants are very few in number ; Olossopteris hrownianaf 
and two other species of Olossopteris,^ Uuhidgea, a fern nearly akin to Oangamo- 
pteris and QlossopteriSy and a PhyllothecorAike stem are recorded, without any 
certain horizon, but probably from the Beaufort beds. There is no doubt as to 
the close similarity of these plants to those from the Damudas of India and the 
Newcastle beds of Australia. 

From the Stormberg beds there are reported Pecopteris or Thinnfeldia odonto^ 
pteroideSf Oyclopteris cuneata, and TtBniopteris daintreei,^' three of the most 
characteristic fossils of the uppermost plant- beds in Australia, and all found in 
the Upper Jurassic Queensland beds. 

The animals found in the Karoo beds * are more numerous by far than the 
plants. The greater portion have been procured from the Beaufort beds. They 
comprise numerous genera of dicynodont, theriodont, and dinosaurian reptiles, 
two or three genera of labyrinthodont amphibians, some fish allied to PaUsonisGw 
and AmblypleruSj and one mammal, Tritylodon, Of the above the Trityhdon and 
some reptilian and fish remains are said to be from the Stormberg beds. 

Tritylodon is most nearly related to a Bhsdtic European mammal. The relations 
of the reptiles called Theriodontia by Sir R. Owen are not clearly defined, but 
representatives of them and of the Dicynodontia as already noticed are said to be 
found in the Permian of Russia. The Olossopteris and its associates may of course 
be classed as Carboniferous or Jurassic, according to taste. Neither the fauna nor 
flora show sufficiently close relations to those of any European beds for any safe 
conclusions as to age, even if homotaxis and synchronism be considered identical. 
On the other hand there are remarkable points of agreement with the faunas and 
floras of the Indian and Australian rocks. 

Away from the typical Karoo area on the coast south of Natal there is found a 
series of beds, partly marine, sometimes called the Uitenhage^ series. A few 

> Sutherland, Q. J". O. 5., xxvi, p. 614. 

3 One classed by Tate as Dtctyopteria, Q, J, O. 8,, xxiii, p. 141. 

» Dunn, * Report on Stormberg Coal- Field,' QeoL Mag., 1879, p. 652, 

^ Owen, 'Cat. Fobs. Kept. S. Africa, Brit. Mus., 1876, ^. 

* Q. J, O, S,, xxvii., p. 144. 
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oycada (Otozamitw, PodozamUes, Pterophyllum), a conifer, and ferns (Pecopteria or 
AlethopterM, Sphenopteris, Oyolopteris) are quoted from tbem, and three or four of 
the forms are closelj allied or identical with species found in the B&jmahdl beds 
of India. 

It was at first supposedjbhat the plant-bearings beds were lower in position than 
those containing marine fossils, and the whole of the Uitenhage series was con- 
sidered as of later age than the Karoo beds. The marine beds were considered 
Middle Jurassic. Subsequently, however, Stow^ showed conclasivelj that a por- 
tion of the marine beds, judging bj their fossils^ are of uppermost Jurassic or even 
Neooomian age, and also that the relation of the plant-bearing beds to the marine 
strata are 6ir less simple than was supposed." Indeed, to judge from Stow's ac- 
count, it is bj no means clear that a portion of the wood-bed series or saliferous 
series, to which the plant-beds belong, is not higher in position than the marine 
Jurassic strata. 

There is a very extraordinary similarity between the geology of the southern 
part of Africa and that of the peninsula of India. In both countries a thick fresh- 
water formation, without any marine beds intercalated, occupies a large area of 
the interior of the country, whilst on the coast some marine Jurassic and creta- 
ceous rocks are found, the former in association with beds containing plants. 
The coincidence is not even confined to sedimentary beds. As in India so in 
South Africa, the uppermost inland Mesozoic fresh- water beds are capped by vol- 
canic rocks. 

It has been assumed, but not apparently on any clear evidence, that the 
marine coast-beds and the associated plant-beds are in Africa much newer than 
the inland sandstone formation, but it is not impossible that the relations may 
really be the same a? in India, and that the Stromberg beds of the inland forma- 
tion may be the equivalents of the Upper Jurassic or even the cretaceous marine 
beds on the coast. The discovery of plants identical with those of the Jurassic 
^probably Upper Jurassic) beds of Queensland in the Stormberg series may of 
course be taken for what it is worth; it is of qaite as much importance in 
indicating the age of the rocks as the occurrence of dicynodont reptiles in the 
Permian of Russia and in the lower Gondw^nas of India. 

Altogether there is quite sufficient probabUity that the upper Karoo or Storm, 
berg beds are of later age than Triassic to jnstify the protest which I made last 
year against a skull being described from these beds as that of a ' Triassic' mam- 
mal.* The practice, so common amongst palsBontologists, of positively asserting 
as a known fact the geological age of organisms from beds of which the geologi- 
cal position is not dearly determined, is very much to be deprecated. 

I have called attention to the occurrence of boulders in the T^lchir beds in 
India, the Ecca beds of South Africa, and the Bacchus Marsh sandstones and 
Hawkesbury beds of Australia. The idea has occurred quite independently to 
several different observers that each of these remarkable formations affords 
evidenco of glacial action ; and although, in the case of India especially, the 

* Q.J. G. 5,xxvii., p. 479. 
« i.c., pp. 605,611, 513. Ac. 
» q. J. G, S„ xl., p. 146. 
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geographical position of the botilder-bed within the tropics seemed for a long time 
to render the notion of ice action too improbable to be accepted, further evidence 
has so far confirmed the view as to cause it to be generally received. Even before 
tbe Australian boulder-deposits had been observed it was suggested that the 
T^lchir beds and Ecca conglomerate might be contemporaneous,^ and that the 
evidence in favour of a Glacial epoch having left its traces in the Permian beds 
of England' might possibly indicate that the Indian and Soufch African boulder- 
beds are of the same geological epoch. The discovery of two similar deposits in 
Australia adds to the probability that all may have resulted from the same cause 
and may record contemporaneous phenomena. It would be very unwise to insist 
too much on the coincidence. 



It would be easy to call attention to further examples of discrepancies in 
palsBontological evidence, but I should weary you and nothing would be attained 
by going through instance after instance of deposits in distant parts of the world, 
the age of which has been solely determined by the examination of a few fossil 
forma of land and fresh- water animals and plants. I have, therefore, only taken 
a few with the details of which I have had occasion to become acquainted. In 
some of the most important cases I have mentioned, such as those of the Pikermi 
and Siwalik faunas, the Cutch (XJmia beds) flora and that in the lower coal- 
measures of Australia, the conflict is between the evidence of the marine and 
terrestrial organisms. Manifestly one or the other of these leads to erroneous 
conclusions. 

The general opinion of geologists is in favour of accepting the evidence of 
marine organisms. The reason is not far to seek. So far as I am aware, no case 
is known where such an anomaly as that displayed in the Gondwinas of India has 
been detected amongst marine formations of which the sequence was unquestioned* 
In the Gondw^nas we have a Rhsetic flora overlying a Jurassic flora, and a Triassio 
fauna above both. In Australia we find a Jurassic flora associated with a Car- 
boniferous marine fauna, and overlaid by a Permian fresh-water fauna. The only 
similar case amongst marine strata is that of the well-known colonies of the late 
M* Barrande in Bohemia, and in this instance the intercalation of strata contain- 
ing later forms amongst beds with older types is disputed, whilst the difference in 
age between the faunsis represented is not to be compared to that between Triassic 
and Jurassic. 

There is, however, another and an even stronger reason for accepting the 
evidence of marine instead of that afforded by terrestrial and fresh-water animals 
and plants. If we compare the distribution of the two at the present day we 
shall find a very striking difference, and it is possible that this difference may 
afford a clue to the conditions that prevailed in past times. 

Wanderers into what they fancy unexplored tracts in palaBontology are very 
likely to find Professor Huxley's footprints on the path they are following. I have 
had occasion to turn to a paper of his on Hyperodapedon,* that very curious reptile 

* Q. /. G. S; xxxi., p. 528. 
2 Q. J. G. S., xi., p. 185. 
» Q. J. G, 5., XXV., p. 150. 
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already mentioiied,'of wHcli the remains occur both in Great Britain and in India, 
and I find the following remarks, which appear so exactly to express a portion of 
the view to which I wish to call your attention, that I trust I may be excused for 
quoting them. Professor Huxley writes : — 

* It does not appear to me that there is any necessaiy relation between the 
fauna of a given land and that of the seas of its shores. The land-faunae of Britain 
and Japan are wonderfully similar; their marine faunee are m several ways 
different. Identical marine shells are collected on the Mozambique coast and in 
the easternmost islands of the Pacific ; whilst the faunae of the lands which lie 
within the same range of longitude are extraordinarily different. What now 
happens geographically to provinces in space is good evidence as to what, in 
former times, may have happened to provinces in time ; and an essentially 
identical land-fauna may have been contemporary with several successive marine 
faunae. 

* At present our knowledge of the terrestrial faunae of past epochs is so slight 
that no practical difiiculty arises from using, as we do, sea-reckoning for land- time» 
But I think it highly probable that sooner or later the inhabitants of the land will 
be found to have a history of their own.* 

When these words were written more than fifteen years ago very few of the 
geological details to which I have called your attention were known. I need not 
point out how wonderful a commentary such details have afforded to Professor 
Huxley's views. 

I have no desire to quote authority. I fear that in the facts I have been 
laying before you my quotations of the most authoritative writers have been made 
less for the purpose of showing reverence than of expressing scepticism. My 
reason for calling attention to Professor Huxley's views is different. I entirely 
agree with them ; but there is, I think, something to be added to them. There 
is, I believe, an additional distinction between land and marine faunas that 
requires notice, and this distinction is one of very great importance and interest. 
It appears to me that at the present day the difference between the land.faunas of 
different parts of the world is so vastly greater than that between the marine 
faunas that if both were found fossilised, whilst there would be but little difficulty 
in recognising different marine deposits as of like age from their organic remains, 
terrestrial and fresh-water beds would in all probability be referred to widely 
differing epochs, and that some would be more probably classed with those of a 
past period than with others of the present time. 

I had proposed to enter at some length into this subject, and to attempt a 
sketch of the present state of our knowledge concerning the distribution of terres- 
trial and marine faunas and floras. But I found that it was impossible to do 
justice to the question without making this address far longer than is desirable, 
and I liave already taken up more time than I ought to have done. I can there- 
fore only treat the subjects very briefly. 

As you are doubtless aware, the most important work upon the distribution of 
terrestrial animals yet published is that of Mr. Wallace. He^ divides the earth's 

' Dr. P. L. Scl^ter was the original author of the sub-diviflion adopted bj Mr. Wallace. 
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surface into six regions— PalsBaroiic, Ethiopian, Oriental, Australian, Neotropical, 
and Nearctic. Some naturalists, with -whom I am disposed to agree, consider 
Madi^^car and the adjacent islands a seventh region, and it is possible that one 
or two other additions might be made. 

These regions are essentially founded on the distribution of veriebraia^ 
especially mammals and birds, and the following table, taken from Wallace's lists^ 
shows the percentage of peculiar families of yertebrata and peculiar genera of 
mammalia in each region, mammalia being selected as being more oharaoteristic 
than birds and better known than reptiles, amphibians, or fishes : — 



Sittiovt. 


Total 
familial of 
YarUbrataa. 


^aeallar 
FamUiaa. 


Pareentaira 
of Paealiar 
Famaiaa. 


Total 
Oanara of 
Mammala. 


Paealiar 
Ganarm of 


of PeculUr 
Qanem. 


Pnlmrctic . 
KthiopUn . 
Oriental 
AiiBtralmn • 
Neotropical 
Kearctic . 


387 
176 
163 
142 
168 
121 


8 
28 
12 
80 
45 
12 


2*2 
131 

7-4 
211 
268 

9-9 


100 
142 
118 

70 
181 

74 


87 
90 
64 
46 
103 
24 


87 
68 
46 
66 
79 
82 



The marine mammals and reptiles are too few in number to be compared with 
the land-fauna, but whales, porpoises, seals, sirenians, turtles and sea-snakes are 
for the most part widely diffused. The best class of the yertebrata for compari- 
son is that of the fishes, and some details taken by Wallace from Oiinther's 
' British Museum Catalogue ' are yery important. The whole class is diyided 
into 116 families, of which 29 are ezdusiyely confined to fresh water, whilst 80 
are typically marine. Of these 80 no less than 50 are uniyersally, or almost 
uniyersally, distributed, whilst many others haye a yery wide range. Four fami- 
lies are confined to the Atlantic and 13 to the Pacific Ocean, whilst a few more 
are exclusiyely southern or northern. About 63 are found in both the Atlantic 
and Pacific. 

Now, of the 29 fresh-water families, 15, or more than one-half, are confined 
each to a single region, 9 are found each in two regions, 2 in three regions, and 
the same number in four ; one only (Oyprinidca) is found in fiye regions, whilst 
not one is met with in all six. It is impossible to conceiye a greater contrast : 
50 marine families, or 62*5 per cent., haye a world-wide distribution, whilst not a 
single fresh-water family has an equally extended range, and more than one-half 
are confined each to a single region. 

The regions adopted by Wallace, as already stated, are founded on the verte- 
hrata ; he considers, howeyer, that the distribution of the inyertebrates is similar. 
So far as the terrestrial mollusca are concerned, I am inclined to dissent from this 
yiew. But for one circumstance the mollusca would afford an admirable test of 
the theory that marine types — species, genera, and families — are much more 
widely spread than terrestrial. I am assured that this is the case, but the 
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difficulty of proTing it arises from the fact that the classification of pnlmonate 
terrestrial mollnsca, as adopted by naturalists generally, is so artificial as to be 
-worthless. Genera like Helixy Bulimus, Achattna, Pupa, Yitrina, as nsaally 
adopted, are not real genera, but associations of species united by characters of 
no systematic importance, and the attempts that have hitherto been made at a 
natural classification have chiefly been founded on the shells, the animals not 
being sufficiently known for their affinities, in a very large number of cases, to 
be accurately determined. Of late years, however, more attention has been 
devoted to the soft parts of land mollusks, and in Dr. Paul Fischer's ' Manuel de 
Conchyliologie ' now being published, a classification of the Pulmonate Gastero- 
poda is given, which, although still imperfect for want of additional information, 
is a great improvement upon any previously available. In this work the first 
13 families of the Pulmonata OeophUa comprise all the non-operoulate land 
moUusca, or snails and slugs, and these 13 families contain 82 genera thus 
distributed : — 

Pecnliftr to one of Wallace's land regions 64 

Fonnd in more than one, bat not in both Amehoa and the Eastern 

hemisphere .12 

Common to both hemispheres . 16 

The last 16, however, include Lvmaxy Vitrina, Helix, Pupa, Vertigo, and some 
other genera which certainly need further repartition. The operculated land- 
shells belonging to a distinct sob-order, or order, and closely allied to the ordinary 
prosobranchiate gasteropoda, are better classified, the shells in their case affording 
good characters. They comprise four well-marked families (Helicimda, Oydo* 
stomidm, Oyclophorida, and Diplommatinid(s), besides others less well marked or 
but doubtfully terrestrial. Kot one of the families named is generally distributed, 
and the genera are for the most part restricted to one or two regions The portion 
of Dr. Fischer's manual relating to these mollusca is unpublished, and the latest 
general account available is that of PfeifEer, published in 1876.^ From this 
monograph I take the following details of distribution. The number of genera 
enumerated is 64 (including Proaerpinidce), 

Pecnliar to one of Wallace's land regions 48 

Fonnd in more than one, bnt not in both America and the Eastern 

hemisphere 8 

Common to both hemispheres 8 

It is the distribution of the terrestrial operculate mollusca which induces me 
to suspect that the distribution of land mollusca differs from that of land verte- 
brates. One instance I may give. There is nowhere a better marked limit to 
two vertebrate faunas than that known as Wallace's line separating the Austra- 
lian and Oriental regions, and running through the Malay archipelago between 
Java, Sumatra, and Borneo, on the one hand, and Papua with the neighbouring 
groups on the other. There is in the two regions a very great difference in the 
vertebrate genera, and a considerable replacement of families. The Oriental ver^ 
iehrata contain far more genera and families common to Africa than to Australia. 
Now, the operculate land-shells known from New Guinea and Northern Australia 

' Manosfraphia Pnwiouopomorum Viventium Supp. iii« 
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belong to sucli genera as OycUyphorus^ Oyelotus, Leptopoma, Pupmella, Pupina, 
DiplommcLtina, and Helicina, all fonnd in the Oriental region, and mostly cbarac- 
teristic of it, whilst the only peculiar types known are Leucoptychia, closely allied 
to Leptopoma, from New Gkiinea, and HeteroGyclus, apparently related to the 
Indian Oyathopoma, from New Caledonia. Farther east in Polynesia there are 
some very remarkable and peculiar types of land-shells, such as Achaiinella, but 
these do not extend to Australia or Papua. On the other hand, scarcely a single 
Oriental genus extends to Africa, the terrestrial molluscan fauna of which con- 
tinent differs far more from that of the Oriental region than the latter does from 
that of tropical Australia. 

The same is the case with plants. In an important work lately published 
by Dr. O. Drude, of Dresden, the tropics of the Old World are divided into three 
distinct regions — (1) tropical Africa; (2) the East African Islands, Madagascar, 
&o. ; (3) India, South-Eastern Asia, the Malay archipelago, Northern Australia, 
and Polynesia. 

A very large proportion of the families and even of the genera of marine 
mollusca are almost of world-wide distribution, and even of the tropical and 
sub-tropical genera the majority are found in all the warmer seas. I have no 
recent details for the whole of the marine mollusca, but a very fair comp'>rison with 
the data already given for land-shells may be obtained from the first 25 families 
of Prosobranchiate Gasteropoda, all that are hitherto published in Fischer's 
manual. These 25 families include Oonidce, Olividoe^ Volutid<B, Buccinida, MurU 
(yidce^ Oypreida^ Stronibida, Gerithiidce, Planaxida and their allies, and contain 
116 living marine genera> the known range of which is the following : — 

Found only in ttie Atlantic Ocean 15 

Vonnd only in the PaciBc or Indian Ocean, or both . . . .28 

Found only in Arctic or Antarctic Seas, or in both . • . .12 

-65 

Fonnd in the warmer parts of all oceans 84 

Widely, and for the most part nniversally, distributed • • . .27 

— 61 

That is, 62'6 per cent, are found in both hemispheres, whilst only 19*6 per cent, of 
the inoperculate, and 12*5 per cent, of the operculate land mollusca, have a 
similar distribution. This is, however, only an imperfect test of the difference, 
which is really much greater than these numbers named imply by themselves. 

Some genera of fresh-water mollusca, as Unio, Anodon, Oyclas, Lymnea^ 
PlanorhiSf Palttdina, and Bythinitt, are very widely spread, but a much larger 
number are restricted. Thus if Unio and Anodon are extensively distributed, all 
allied fresh-water genera, like Monocondylcea, Mycetopus, Iridina, Bpatha, Castalui, 
^theria, and MUlleria inhabit one or two regions at the most. The same result 
is not found from taking an equally important group of marine mollusca, such as 
VeneridcB or Gardiada. 

Throughout the marine invertebrata, so far as I know, the same rule holds 
good : a few generic types are restricted to particular seas ; the majority are 
found in suitable habitats throughout a large portion of the globe. The marine 
provinces that have been hitherto distinguished, as may be seen by referring to 
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those in Woodward's * M'annal of the MoUusca,* or Forbes and Godwin Austen's 
' Natural History of the Earopean Seas/ or * Fischer's 'Manuel de Conchy liologie/ 
or Agassiz's 'Revision of the Echini,' are founded on specific distinctions, whilst 
the terrestrial regions are based on generic difEerences, and often on the presence 
or absence of even larger groups than genera. 

Botany offers a still more remarkable example. I hare just referred to 
Dr. Oscar Drude's work,^ published within the last few months, on the distribu- 
tion of plants. Dr. Drude divides the surface of the globe into four groups of 
floral regions (Florenreioksgruppe)^ and these again into floral regions {Floren- 
reiche)f fifteen in number, which are again divided into sub-regions (^Qehiete), The 
first group of floral regions is the oceanic, comprising all the marine vegetation of 
the world ; and so uniform is this throughout that no separate regions can be estab- 
lished, so that there is but one oceanic to contrast with fourteen terrestrial regions. 

It ia impossible to enter further into this subject now, and I can only allude to 
the evidence in favour of the existence of land-regions in past times. It is scarcely 
necessary to remind you of the proofs already accumulated of differences between 
the fauna of distant countries in Tertiary times. The Eocene, Miocene, and 
Pliocene vertebrata of North America differ quite as much from those of Europe 
in the same periods as do the genera of the present day ; and there was as much 
distinction between the mammalia of the Himalayas and of Greece when the 
Siwalik and Pikermi faunas were living as there is now. In Mesozoic times we 
have similar evidence. The reptiles of the American Jurassic deposits present 
wide differences from those of the European beds of that age, and the South 
African ropfcilian types of the Karoo beds are barely represented elsewhere. But 
there is no reason for supposing that the limits or relations of the zoological and 
botanical regions in past times were the same as they now are. It is quite certain 
indeed that the distribution of land-areas, whether the great oceanic tract has 
remained unchanged in its general outlines or not, has undergone enormons varia- 
tions, and the migration of the terrestrial fauna and flora must have been depen- 
dent upon the presence or absence of land communication between different 
continental tracts ; in other words, the terrestrial regions of past epochs, although 
just as clearly marked as those of the present day, were very differently distributed. 
The remarkable resemblance of the floras in the Karoo beds of South Africa, the 
Damuda of India, and the coal-measures of Australia, and the wide difference of 
all from any European fossil flora, is a good example of the former distribution of 
life ; whilst it is scarcely necessary to observe that the present Neotropical and 
Australian mammals resemble those of the same countries in the later Tertiary 
times much more than thoy do the living mammalia of other regions, and that the 
Australian mammal fauna is in all probability more nearly allied to the forms of 
life inhabiting Europe in the Mesozoic era than to any European types of later 
date. If the existing mammals of Australia had all become extinct, a deposit 
containing their bones would probably have been classed as Mesozoic. 

The belief in the former universality of faunas and floras is very much con- 
nected with the idea once generally prevalent, and still far from obsolete, that the 
temperature of the earth's surface was formerly uniform, and that at all - events 

^ Petermann'fl Mitiheilungen^ Ergftiizungsheft, No 74, ' Die Floreoreicbo der Erde.' 
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until early or even middle Teriiarj times the poles were as warm as the equator, 
and both enjoyed a constant tropical climate. The want of glacial evidence from 
past times in Spitzbergen and Greenland, where a temperature capable of support- 
ing arboreal vegetation has certainly prevailed daring several geological periods, 
is counterbalanced by the gradually accumulating proofs of Lower Mesozoic or 
Upper Palffiozoic glacial epochs in South Africa, Australia, and strangest of all 
in India. Even during those periods of the earth's history when there is reason 
to believe that the temperature in high latitudes was higher than it now is, evi- 
dence of distinct zones of climate has been observed, and quite recently Dr. 
Neumayr,' of Vienna, has shown that the distribution of Crotaceous and Jurassic 
cephalojpoda throughout the earth's surface proves that during those periods the 
warmer and cooler zones of the world existed in the same manner as at present, 
and that they afEected the distribution of marine life as they do now. 

The idea that marine and terrestrial faunas and floras were similar throughout 
the world's surface in past times is so ingrained in palaoontological science that it 
will require many years yet before the fallacy of the assumption is generally 
admitted. No circumstance has contributed more widely to the belief than the 
supposed universal diffusion of the Carboniferous flora. The evidence that the 
plants which prevailed in the coal-measures of Europe were replaced by totally 
different forms in Australia, despite the closest similarity in the marine inhabitants 
of the two areas at the period, will probably go far to give the death-blow to an 
hypothesis that rests upon no solid ground of observation. In a vast number 
of instances it has been assumed that similarity between fossil terrestrial faunas 
and floras proves identity of geological age, and, by arguing in a vicious circle, the 
occurrence of similar types assumed without sufficient proof to belono^ to the same 
geological period has been alleged as evidence of the existence of similar forms 
in distant countries at the same time. 

In the preceding remarks it may perhaps have surprised some of my auditory 
that I have scarcely alluded to any American formations, and especially that I have 
not mentioned so well-known and interesting a case of conflicting palaBontological 
evidence as that of the Laramie group. My reason is simply that there are 
probably many here who are personally acquainted with the geology of the 
American Cretaceous and Tertiary beds, and who are far better able to judge than 
I am of the evidence as a whole. To all who are studying such questions in 
America I think it will be more useful to give the details of similar geological 
puzzles from the Eastern hemisphere than to attempt an imperfect analysis of 
difficult problems in the great Western continent. 

Perhaps it may be useful, considering the length to which this address has 
extended, to recapitulate the principal facts I have endeavoured to bring before 
you. These are— 

1. That the geological age assigned on homotaxial grounds to the Pikermi and 
Siwalik mammalian faunas is inconsistent with the evidence afforded by the 
associated marine deposits. 

> ' Ueber klimaUsehe Zonen ,wihrend der Joru und Kreidezeit/ Denktchr. Math. Nat CI, 
Akad. WUs. Wie», vol. xlvii. 1888. 
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2. The age similarly assigned on the same data to the difiierent series of the 
Gondw&na system of India is a mass of contradictions ; heds with a Triassic fanna 
overlying others with Bhsetic or Jnrassic floras. 

3. The geological position assigned on similar evidence to certain Anstralian 
beds is equally contradictory, a Jnrassic flora being of the same age as a 
Carboniferous marine fauna. 

4. The same is probably the case with the terrestrial and fresh- water faunas and 
floras of South Africa. 

5. In instances of conflicting evidence between terrestrial or fresh-water 
faunas and floras on one side, and marine faunas on the other, the geological age 
indicated by the latter is probably correct, because the contradictions which prevail 
between the evidence afforded by successive terrestrial and fresh- water beds are 
unknown in marine deposits, because the succession of terrestrial animals and 
plants in time has been different from the succession of marine life, and because in 
all past times the differences between the faunas and floras of distant lands have 
probably been, as they now are, vastly greater than the differences between the 
animals and plants inhabiting the different seas and oceans. 

6. The geological age attributed to fossil terrestrial faunas and floras in distant 
countries on account of the relations of such faunas and floras to those found in 
European beds has proved erroneous in so large a number of cases that no similar 
determinations should be accepted unless accompanied by evidence from marine 
beds. It is probable in many cases — perhaps in the majority — where the age 
of beds has been determined solely by the comparison of land or fresh-water 
animals or plants with those found in distant parts of the globe, that such deter- 
minations are incorrect. 



Afghan Field-notes by C. L. Gbibsbagh, F.G.S., Oeological Survey of India (on 
duty vrUh the Afghan Boundary Oommtssion). 
The march of the Afghan Boundary Commission was first from Quetta to 
-J Nushld, after crossing the Lora south of the Pishin valley ; 

from Nushki to Khwaja Ali on the Helmund (east of 
Budbar) by long and weary marches. We followed the river down to Chahar 
Burjak, where we crossed it. From this point we went in a more or less north- 
ward direction through KaJah-i-Fath past the Helmund Lakes to Lash-Juwain, 
through the Anardara pass, and passing Sabzawdr westwards, to Pahri and even- 
tually to Kuhsdn on the Hari Bud, avoiding Herat altogether. Here General Sir 
Peter Lumsden, K.C.B., joined our party under Colonel Ridgeway. 

On the 25th November, the General with a small party left us to go vid 
Chasm -Sabz (not on the old maps) and Panjdeh to these our winter quarters on 
the Murghab river. We followed next day by another route to Kushk, finally all 
meeting at Bdla Murgh&b. At Kushk, I obtcdned permission to go off by myself 
on a geological trip ; I returned to the Herat valley by the Band.i-Bdb&, went to 
within a nule of Herat city, afterwards returning over the Band-i-Zurmust to 
Eila N&u and to B&la Murgb&b. 

H 
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The marcli from India to ihe valley of tbe Mm^Mb has taken ns from BSast- 

^ , em BilucluBtaii, which belongs to the Indus drainage 

into the Lora and Helmnnd basins (Seistan, &o.) and 
thence over the great watershed sontb of Herat, into the Central Asian basin 
of the Hari Bnd and the MnxghiLb. The watershed which divides Sonthem 
Afghanistan from Central Asia, is formed as far as we know by the range of 
mountains called on onr maps the Siah Koh, with its western continuation, the 
Doshakh mountains. 

There seems to exist a marked drSerence in the geolctgical features of the 
areas divided by this great range, and I intend therefore to treat them separate^ 
in these notes. 

The time was too limited to admit of a regular geological survey of tl^e coun- 
try traversed, but I believe the notes collected with the experience gfdned i^ my 
former work in Afghanistan has enabled me to come to fairly accurate conclusions 
with regard to the geology of the country. 

As will even be de^ from a view of the qld map of Afghanistan^ the country 
lying between Nushki and the Helmund, with i^uch of the 
®^d bSuA d^rt!^ area to the north of it, is nothing but a desertnow, though 
water may be found in most localities by digging wells. 

The features of the whole area are similar to those described between Kanda- 
har and Quetta, consisting of more or less parallel ranges, which run between 
east — west and north-east — south-west, separated by wide stretches of daaht- 
deposits, which reach an enormous thickness in the Lower Helmund valley. 

The ranges which we crossed in succession south of the Helmund 9>re merely 
continuations of ranges which I have described already in my memoir ojbl South- 
ern Afghanistan, and I may at once say that, with the exception of one or two 
points, I could not elucidate any new fact in relation to the rocks which compose 
the hill ranges south of the Doshakh range south-west of Herat ; north of these 
hills the character of the rocks entirely changes. 

Between Quetta and Nushki, I crossed the " Ghaziaband " range at a point 
Qhaiiabend range. south-west of my old route of 1880, and near the village 

of Kamak. I wish I could have remained a few days in 
that neighbourhood ; there are several points of geology connected with the sec- 
tion of this range which are not at all clear to me. The country is now, however, 
quite accessible to any one, and will no doubt before long be carefully surveyed. 

The range is skirted on its south-east slope by clays^ of red and greenish white 
. colour, which re-appear in considerable thickness in the 

Lora basin. In 1880, 1 believed them to represent the Gaj 
beds of Sind, which Mr. Blanford disputes, and I believe on good grounds. Since 
then I have had an opportunity of seeing the Siwalik rocks of the Derajdt, 
Kohat district and the Trans-Indus Salt-range. There, especially in the latter 
area, a great thickness of red and greenish- white clays, sandstones and conglome- 
rates overlie the cretaceous beds, and are considered by Wynne to be represent- 
atives of the Lower Siwaliks. I was struck with the Hthological likeness of these 
Trans-Indus Siwalik beds with wh^t I remembered the Ohaziaband beds to be 
' General Walker's map, 1 inch » 82 mile, 1883. 
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I bare had now a second opportunity of visiting the latter^ and the refleznblanoe of 
them to the Salt-range Siwaliks seems to me perfect. If my supposition is correct, 
then these beds do not represent Upper bat the Lower Siwalik beds. Fossils I 
have none out of them. 

The greenish-grey sandstone and shales which compose the pass leading from 

Kamak to Panjpai, may be the same as the nnmmnlitic 

KiS»k!* '"^'^" ^ sandstone (Flysch ?), which I saw in 1880 in the Ghazia- 

band pass; but if so, their character changes slightly 

towards the south-west. I believe the Eamak beds resemble rather the Khojak 

group of rocks. 

Between Panjpid and Nushki one crosses the hill ranges which form the 
. Boutib-westem spurs of the Khojak Amran mountains, and, 

^ * as I expected, the geological structure of the hills is the 

same; the principal rocks are sandstones and hard splintery shales, all much 
contorted, of exactly the same lithological character as the Khojak beds. Near 
Kaisar, east of Nushki, I met traps and a granitic rock of similar characters to 
those of the trap and granitic rocks of Gatai and Dobrai, north of the Khojak. 

When I first crossed the latter pass in 1880, it seemed to me probable that the 
hippuritic limestones, which compose the isolated hills on the north-west side of the 
Khojak Amran range, dipped below the Khojak sandstone ; I therefore believed 
the latter to belong to the upper cretaceous series, equivalent perhaps to the 
"Vienna Sandstone" of the northern Alpe. Since then I have had an opportunity 
of actually crossing the Suleman range,^ and I found there a formation of sand, 
stone and shales underlying the upper cretaceous beds of the Takht-i-Suleman, 
which appear to me to be of the same lithological character as the Kiiojak beds. 
If they represent these beds, then the latter would probably belong to the lower 
cretaceous series rather than the upper, and my interpretation of the broken sec- 
tion of the Khojak would be erroneous. A careful study of the hiUs between 
Panjpai and Nushki will, no doubt, settle this point. 

The valleys between the rugged hill ranges of this part of Biluchistan 

are partly filled by post-tertiary and recent deposits, mostly 

^^^'*^^*^ ""^ ^^* ^^^®^ ^^ ^^*y^' "^'^ * <»PP«g of a widely spread bed 

of conglomerate and breccia, which I also f oimd forming 

extensive plains in Southern Afghanistan. 

Aerial formations in the shape of blown sand cover large tracts in these wide 
valleys, and practically all the level country between 
Aerial fonmitionf. Kushki and the Helmund is covered with sand-hills. It is 

characteristic of them that they generally form low hills of crescent shape, with the 
horns and the scarp turned to leeward; the inclined jplane formed by the currents 
of air are therefore generally dipping westwards and show a rippled surface 
resembling closely the accumulations of drift snow on i^e high Himalayas. 

As the sand-hills gradually advance, they uncover here and there the bed| 
below, which are generally a thin plastering of chkys on the top of the congilo. 
merate already noticed.' 

^ Supra, Yo\. XVII, part 4. 

* Memoirs, Geol. Siinr. Ind., XVIII, p. 14. 
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The higher hiUs between Nuhki and Galichah are aU formed of igneoos 

. . « . rocksy moflt of them of a baeio type. At a few points 

Iffneoos rockj. of the • ^i x j . -i.. i7 j 

BilaohdeMrt. isolated masses of a granitic rock appear, and near 

Ghdichah (Malik Dokan) I met a calcareous contact rock 
with yeins of gjpsnm and a serpentine with yeins of chrysolite, which is quarried 
\xj the natiyes for ornamental purposes. 

At Oalichah one enters the Lut, a great desert which stretches down to the 
Helmund riyer, and the greater part of which is coyered with blown sand. 

The geological features of the western part of the Helmund area are eztremelj 
The Hel d hftat simple. All the higher ranges are the western and south, 

western continnations of offshoots from the Siah^Koh, and 
are composed of upper cretaceous beds (hippnritic limestone) with associated 
... traps and syenitic granite. The limestone is fossiliferons 

Igneow rockk '^ throughout : hippurites are found in great numbers in all 

beds of this formation. Near the igneous rocks the lime- 
stone is converted into a fine-grained white marble. 

The contact rock between the hippuritio limestone and the trap is preciselj 
of the same character as the rook which contains the gold 
near Kandahar, and is found in a similar position. It 
is in titu north of Sher Buksh. 

The range north of Eala-i-Kah and the greater mass of the hills crossed 

between this point and Pahri are formed of hippnritic lime- 

Sjenitie granite. ^^^^ ^^^y intrusions of trap. The vallej of the Karez-i- 

Dasht, north of the Anardara pass, is formed of syenitio granite, of later age 

and intrusive in the trap. 

Bed and white clays, very like the beds of the Obasiaband pass, near Quetta, 
form some of the lower ranges and plateaux between the 

the beds of this formation are raised up and dip north-west 

at a varying angle. Near Chah Ghisek I found some remains of mammalian 

r hn bones in a bad state of preservation. Perhaps these beds 

are of Siwalik age. They are certainly older than the 

clays, sandstones, and conglomerates which overlie them, and which further south 

form widespread areas in the lower Helmund basin. 

The geological features of Afghan Seistan are extremely simple. Only later 
Afffhan Selatan. tertiary and recent deposits are met with. The former are 

Newer tertiaries and of fiuviatile and aerial origin, and overlie the coloured 
recent rocki. ^^yg ^j^ mammalian remains of Chah Gasek. 

The prevailing rooks are days, soft sandstones, and gravels, locally with enor- 
mous tibioknessea of '* loess " beds. The latter are thick unstratified beds of fine 
■ilt^ with false bedded sandy layers. Veins of gypsum are frequent^ and cavities, 
oooatioiiaify still retaining soma lignitio rootlets and stems of plants, are found 
tfaroiiglioui the deposit ;Bnoh cavities are also charaoteristio of the " loess " deposits 
of Europe, which are now generally supposed to be of aerial origin. 

These beds form high scarps along the banks of the Helmund, and lower down 
along the eastern shores of the Hamdn, where they are well exposed. In litholo* 
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gical charaoter tiiey resemble the Upper MancUiars of the Nari gorge, near BUA, 
of whioh they are probably an eqniyalent. 

Beoent and post-tertiary deposits, soft sandstones and conglomerates, both 

oontaining worn material from the neighbouring hill 
wceut ^' **' ^'-"^ ranges, are found in considerable thickness in the Farah 

Bud, the Kash Budak, and capping the mammalian beds 
of Seistan and Biluchisfcao. Locally the conglomerate is replaced by a hard 
limestone breccia (near Galichah in Biluchistan), but the group of rocks is every- 
-where seen to overlap and even to rest quite unconformably on the underlying 
mammal beds of Seistan. They resemble in general character the post-tertiaries 
of Sind, of the DerajAt, and the Punjab. In general outlines the drainage which 
produced these beds must have been identical with the drainage of the rivers of 
the present day, though here and there the area may have been much more 
extended. 

The range which runs more or less with the S4t* North latitude, and which on 

our maps bears the names of the Siah Koh and Doshakh 
of^uttSAfuT**^ mountains, marks a complete change in the geological 

structure of Central Asia. Whereas south of this range 
no older rocks than of the cretaceous period are known to exist, the DoshaUi 
range itself consists of palieozoic rocks, and between them and the Tir-band^i- 
Turkistan range is a series of beds all dipping more or less north or north-east^ 
and comprising the entire upper palsoosoio and meaozoio series. 

Up to the present I obtained the following sections. In the Doshakh range, 

from Pahri to Zindajin (Herat valley) ; over the Chillin- 
Section, obtained. ^ ^^^ ^^ ^^ ^^^ Doshakh peaks, and from ZindajAn 

to Bobat-i-pai ; in the Paropamisus, the Band ^-i-Kaitu, the Band-i-Bdba and 
the Band-i-Zurmust. Unfortunately these sections require connecting before I 
can form a perfectly clear idea about the structure of these mountain ranges, but 
I believe that I shall have another opportunity of crossing the Herat valley 
before leaving"^ Afghanistan, to complete my work. I 
^"" found the following groups of rocks in the area between 

the Doshakh range and the Tir-band«i-Turkistan : — 
In descending order : — 

B«oent and poat-tertiarj • Allaviam of Hari Rod and Moi^h&b landrtone and conglo- 

meratea. 
BiwaUka, Upper • . Sandatonei» gfits, days of Ghorian and Tirpnl (Hari 

Bud). 
^ Lower . . Red and white daya of C9ieam Sabi, Sakhra (Mnrgh^b). 

Oretaeeona .... Tir-band-i-Torkeetan beds. 
JoraMie . . • • Knsbk landitones, Cbak^ beds. 
Triaa and Rhaetio • . Plant-beds of Band-i-B^ba, Znrmnst and Narat6. 

Permian F . • *• Talehir conglomerates, sandstones, and shales. Trap. 

CtgbfxdUttnm . FMdnetoa beds of Bobat-i-pai 

In describing the rocks I will begin with the oldest formation^ which was also 
the first noticed on entering the Central Asian region. 

1 Band»pass» 
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The Dofihakh range appears to be formed of one Or more great anticlinals. 
The soutli side of ihe range is composed of hippnritio 
Carboniferous. Umestone, but nnfortunately I had no opportunity of 

finding out the relations of the oretaoeous beds to the older rocks composing the 
main range. From T^hat I could learn by crossing the Chillingak pass from 
Pahri to Zindaj&n, and from a section made from the latter place to Bobat-i-pai 
(near the centre of the Doshakh hills), it appears that a grey sandstone with 
friable shales, somewhat resembling in its litfaological character the Khojak beds, 
is OTerlaid by hard dark-blue limestone with calospar reins which contains 
carboniferous fossils in great abundance. There are several species of TrodMcti^ 
amongst them Fr. semuretumhUusy Athyris roieeyiy Feneetellay and corals. 

These limestones dip about 20"" north to north-east below the alluvial deposits 
of the Hari Bud. Immediately north of Bobat-i-pai, on the north side of the 
Hari Bud valley, all the older beds are hidden by extensive clay and sandstone 
beds of late tertiary age. 

A section through the Paropamisus vid the Ardewan pass (north of Herat) 
may probably reveal a continuous section, and this I hope to accomplish as soon 
as the weather becomes more favourable. 

The section over the Band-i-Bftba from Kushk to Herat is incomplete, as the 
, route which I had to follow over the pass more often than 

tec ion. ^^^ ^^^^ ^ ^j^^ direction of the strike of beds and over 
the debris and recent deposits on the south slope of the range. 

I found north-east of Herat the low spurs which reach to within 1,500 yards 

of the city, and on which the Ziarat Khwaja AbduUah-i- 

HHlf near Herat, ^^gari at Ghazegah is built, to consist of a grey thinly 

bedded gneiss with granitic veins, dip north-east. The 

overlying beds I did not see, nor could I find again the carboniferous Prodnctus 

limestone in the Band-i-B4ba section. The part of the Paropamisus intervening 

between this point and the south side of the Band-i»B4ba pass near Paleskir I 

oould not touch anywhere, but from the debris found on the great " fans " south 

of it, I should say that carboniferous beds will be fonnd north of Herat. The 

Band-i-B&ba is greatly contorted, and the centre range itself is formed by a great 

anticlinal, which is followed towards the east and south-east by a succession of 

folds, which probably are continued to the Davendir range. 

At the south side of B&ba pass near Palezk&r I found an extensive formation, 
all the beds of which dip to the east and south-east^ 
k£r ^^^ ^'" seemingly quite unconf ormably to the gneiss of Ghazegah 

and the main range ; I recognised it at once and without 
trouble as Talchir, the basal group of the Indian Gondw&na system. Boulder 
beds, conglomerates, greenish sandstones, and shales predominate, accompanied 
by red and yellow clays and interbedded trap. The latter is a feature which re- 
minded me at once of the boulder-bed of the Karoo formation of South Africa. 
Both the sandstone and the shales contain traces of plants, belonging to Yerte- 
braria apparently. 

Whether these plant-beds rest unconformably on the carboniferous lime- 
stones, as the differing dip and strike would indicate, I am at present unable to 
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•aji bat hope to settle this point before Tery long. I oould not go east of 

Kumkh to the Davendar range, where probably the upper beds of the Gond* 

winas wonld be met with. 

In the B&ba pass the Talchirs seem to form the lowest beds of the anticlinal 

and are oyerlaid by a great thickness of sandstones, lime- 

the Biba pass. ^ stones, and shales, which form the top of the pass and the 

long sloping platean of the north limb of the anticlinal as 

far as Ghakim and Knshk. These beds I belieye to represent the entire middle and 

npper Gondw&na series. Plant-beds alternate with great thickness of grits and 

sandstones, and a few partings of Ostrea beds (limestones) are f onnd towards the 

upper half of the group. 

The sandstones and grifcs assume an enormous deyelopment towards the 

western portion of the Faropamisus ; the Band-i-Kaitti is 

Sandttones at Band-i- entirely composed of sandstones, grits, and conglomerates 

of the character of the Mahadeva sandstone. 

The Band-i-Zurmust shows a similar geological structure with one diff»*ence, 

^ ^ . rr X Within the group of Talchirs, and towards the lower half 

Band-i-Zurmuit. ... ,. * ... 

of it, appears a grey limestone, containing coral remains 

^ , ,. _^ and a Nautilus. Plant-beds overlie this limestone, and 

Coral limflitonft, 

the north slope of the Zurmust with the Narattii hill seems 

to be composed of plant-beds of middle Oondw&na chaxacter. The upper strata 
of this series between Naratii and Chak&n seem to haye fewer plani^beds, whereas 
the Ostrea limestones increase in thicknesa 

This group of rocks presents all the appearance of having been deposited 
along and near a sea-coast line; especially the upper 
portion of it north of the Zurmust must have been formed 
along a low sea coast probably of vaiyiug outlines, and we thus have beds pre- 
senting all the character of our Gcmdwlinas with plants, the strata showing 
false bedding, alternating in the higher horizons with marine shell lime- 
stones. 

The plant beds are followed by thick strata of an earthy-white limestone of 
chalky texture, full of the casts of gasteropods and bivalves, 
K^NaA ^^"SitfBBUj °^ alternating with a white calcareous sandstone with numer- 
ous bivalves. These beds form a belt north of the Paro- 
pamisus, and are well, seen between Eushk and £jla Na4, wherever the afflu- 
ents of the Kushk and Murgh^b rivers form deep ravines in the plateaux. 

I believe this white shell limestone series belongs to the upper Jurassic epoch ; 

it is overlaid by the Tir-band-i*Turkistan limestones, 

CreU^M^iSJ^'*"' amongst which I certainly found beds with cretaceous 

fossils, but the description of which I reserve for my next 

note. 

Bed and greenish-white clays are in great force in the wide-stretching high 

plain of Chesm Sabz, north-east of Kuhsan, and are over- 

BiiaSkT' ^**^ ^^^ Tirpul, in the Hari Bud vaUey, by sandstones, 

silts, clays, and grits. I believe that this s&dee represents 

the Siwaliks* Similar bedS| with great deposits of gypsum, and containing some 
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foflsfls, casts of shells of TJnio, and the casts of Annelids, I met near Sakhra on 
the MnrghAb. 

BiLi MubgrIb; 

ith January 1885. 

CORRIGENDUM. 
Th9 Fhoiphatac rocki ai Mntari (Mniiooree) (tupm, VoL XTII, p. 108). 

In the determinaiioii of the oompotition of the phoephatie mineimU wnt hy the Rer. Mr. 
Panons from Mnetooree, aa giveo in- the last nnmber of the Recordi, two operaton were implicated* 
and owing to the aheence on leave of Mr. Mallet and myself it was not known that one of them, 
onr new Musenm AMiBtant, was very inexperienced in lahoratory work. Mr. Mallet had taught 
him how to make the ordinary aasay of a limestone, hot of general chemical analysis he knew 
next to nothing. It thns hefell that when hennder took to determine the lime in th««e atonest 
not knowing the peenliar hehavionr of this aabstaoce in the preaence of phoaphoric acid, he only 
obtained the amount of lime that existed in exceaa of that preaent aa phosphate, amounting to 
8*42 per cent. Since Mr. Mallet'a return he haa had a full determination made, giving 2C*5 of 
lime, of which 18*5 waa preaent as phnaphate, repreaenting 84*1 of thia aalt or 16*6 of phosphoric 
acid, being ab3ut a third of the total quantity preaent. The atone thus remaina atill principally a 
phosphate of alumina, but the difference is sufficient to call for a oorrcetion of the previous state- 
ment, as the phosphate of lime is the most important ingredient. The stones are described as 
occurring in some abundance and at many different places in brown shales immediately overlying 
limeatone, ao they may yet prove of economic value. 

Of even greater intereat, conaidering the fiiilure hitherto to find fossils In any of the outer 
Himalayan rocks, is the announcement by Mr. Paraons (under date of Slat November 1884), that 
he haa oba«>rvcd in the nodules what appear to him to be minute organisms. Preparations are in 
band to investigate so interesting a discovery. 

H. a MSDUCOTT. 



ADDITIONS TO THB MUSEUM. 
Fbok 1st Octobbb to SIbt Dbcbicbbb 1884. 

Fossils from Nila in the Salt Bange, Punjab, from the bed below the eoal. 

Pbbsbntbd bt Db. H. Wabth. 

A model of the Gor-do-Norr diamond afler cutting. Weight 24| carats. Valued at £25,000 
in London and Paris. Pbbsbbtbd bt Mbssbs. P. Obb and Sons, Madras. 

Specimens of quartz pebble, nsed as bearings and pivots in native flonr-mills at Dehra Dun, 
Punjab. Pbbsbntbd bt Db. H. Wabth. 

Specimens of cut and polished ferruginous limestone, pnddingstone, silicified palm, helio- 
trope, syenite, jasper, granite, chalcedony, chert, onyx, and agate, purchased at Banda, 
N. W. P. Pbbsbbtbd bt thb Collbctob op Banda, N. W. P. 

Spedmens of gypsum, beryl, chalcedony, rock crystal, schorl, amethyst, and martite horn 
the Bombay Presidency. Pbbsbbtbd bt thb Bombat Exhibition Ck>MMiTTBB. 

Specimen of a polished marble paper-weight from Kathiawur. 

Pbbsbntbd bt thi Monatada Statb, Katbiawab. 

A specimen of polished marble, and two of polished igneous rock, paper-weights from 
Eathiawar. Pbrbbntbd bt H. H. thb Nawab Sahab ov Junagad, in Eathiawab. 

Specimens of uncut heliotrope from Kathiawar. 

Pbbsbntbd bt thb Thabub Sahab of Mobti, in Eathiawab. 

Specimens of tin oxide from SiDgapore> and a specimen each of stalactite, stalagmite, and 
crystal qnartc, from Selangor. Pbbsbntbd bt Mbsbbs. KmsN and Co. 
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ADDITIONS TO THE LIBRARY. 

FbOIC l8T OOTOBSB TO 8l8T DlOBXBEB 1884. 

Titles of Books, Donors, 

AcHBFOHL, X.— DasNiedeirlieinisch-WestfalisolieSteinkohleiigebirge. Lief. 10 and Snpple- 

ment 4** Essen, 1883. 
Abgtll, Duke qf.— The Unity of Nature. 2nd edition. 8' London, 1884. 
Babbois, Charles, — Recherches snr lea terrains anciens des Asturies et de la Qalice. 4* 

LiUe, 1882. 
Bbschbb, Charles E, — Ceratiocarid» from tlie Chemung and Waverlj Groups, at Warren, 

Pennsylvania. 8^ Pam. Harrisburg, 1884. Thb Authob. 

Bbust, JW/«.— Untersuchung iiber fossile Holzer aus Gronland. 4"* Pam. Basel, 1884. 
Bbobb's Elassen nnd Ordnungen des Thier-Reichs. 

Band 2, Porifera, Lief. 6. 

Band 5, Abth. 2, Lief. 13-16. 

Band 6, Abth. 3, Reptilien, Lief. 42. 8° Leipzig, 1884. 
Bbowvb, Sugh^ Jtf»of.— The higher branch of Science, or MateriiJism refuted by facts. 8** 

Melbourne, 1884. Thb Authob* 

Chambbbliit, T, C— Hillocks of angular gravel and disturbed stratification. 8^ Pam. 

New Haven, 1884. Thb Authob. 

Cbobs, Whitman ; Chibouc Frederic F. ; Chauvbhbt, JSegis ; Dibst, P. JET. van, — The 

Artesian Wells of Denver. 8** Pam. Denver, Colorado, 1884. 

Thb Authobs. 
DoLLO, L, — ^Note sur le Batraoien de Bemissart. 8° Pam. Bruxelles, 1884. 
Fbnwick, Thomas, and Basxb, Thomas, — Subterraneous surveying with and without the 

magnetic needle. New edition. 8^ London, 1884. 
FoLBT, Nelson, — A pocket-book of coal and speed tables for engineers and iteam-users. 

12° London, 1884. 
Habcbbl, Fmst.—A visit to Ceylon. 8^ London, 1883. 

Habdhak, Edward T, — Report on the geology of the Eimberley district, Western Aus- 
tralia. Plsc. Perth, 1884. Comh., Cbowh Lands. 
Haubhopbb, K, — ^Franz von Eobell. Eine Denkschrifl. 4° Pam. Munchen, 1884* 

Royal Bavabiav Acadbmt. 
Hunt, Robert, — British Mining : a treatise on the history, discovery, practical development, 

and future prospects of metalliferous mines in the United Kingdom. 8^ 

London, 1884. 
Hyatt, -4(pAeiw.— Fossil Cephalopoda in the Museum of Comparative Zoology. 8** Pam. 

Cambridge, Mass. 1883. Thb Authob. 

Kino, William^ and Rownby, T, jBT,— An old chapter of the geological record with a new 

interpretation : or, rock metamorphism (especially the methylosed kind) 

and its resultant imitations of organisms. With an introduction giving 

an annotated history of the controversy on the so-called ''Eozoon Cana- 

deose," and an appendix. 8° London, 1881. 
EuFFFBB, CarZ.— GedlachtniBsrede auf Theodor L. W. von Bischoff. 4° Pam. Mttnchen, 

1884. Royal Bayabian Acadbmy. 

Mineral statistics of the United Ejngdom of .Great Britain and Ireland for 1882. Flsc. Lon- 
don, 1884. Rbybnub and Aobicultubal Dbfabtmbnt. 
MoJSisOYics, E, F., and Nbumayb, M, — ^Beitrage zur Palaontologie Osterreich-Ungams 

und des OrienU. Baud 2, heft 1-2, and Band 4, heft 1-2. 4'' Wien, 1882 

and 1884. 
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Titles of Boohs. . Donors. 

]tf UBBAY, James A. J7.— A new English dictionary on historical principles, founded main- 
ly on the materials collected hy the Philological Society. Fart 1. 4^ 
Oxford, 1884. 
KoETLiNG, Jri^z.— Die Entwickelnng der Trias in Niederschlesien. 8^ Pam. Berlin, 1880. 

Thb Authob. 
„ Ueher Lituites litaos Montfort. 8" Pam. Berlin, 1882. 

Thb Authob. 

„ Beitrag znr Systematischen Stellung des Genus PoramhonitcR 

Pander. 8* Pam. Berlin, 1883. The Authob. 

„ Die Cambrischen und Silurischen Qeschiebe der Provinzen Ost- 

und West-Preussen. 8* Berlin, 1883. Thb Authob. 

9, Ueher das Alter der samlandischen Tertiarformation. 8* Pam. 

Berlin, 1883. Thb Attthob. 

„ Ueher diatomeenfUhrende Schichten des west preussischen Diln- 

viums. 8^ Pam. Berlin, 1883. Thb Authob. 

„ Beitrage zur Kenntniss der Cephalopoden ans Silargeschieben 

derProvinz Ost-Prenssen. 8'' Berlin, 1884, Thb Authob. 

Faldontologie Fran^aise. I'^s^rie. Animaux Inv^rtehr^s, Terrain Jurassique. Livr. 71. 8^ 

Paris, 1884. 
Fbacoce, R, a. — Saturated Steam, the motive power in volcanoes and earthquakes ; great 
importance of electricity. 2nd supplement. 8^ London, 1884. 

Thb Authob. 
Phillips, J. Arthur. — A treatise on ore deposits. 8^ London, 1884. 
QuBi^STBDT, Fr, Avg. — Handhuch der Petrefaktenkunde. Auflage 3, Lief. 17-18. 8** 

Tubingen, 1884. 
QuBKSTEBT, Jff^. ^K^.— Petrefaktenkunde Deutschlands. Band 7, Abth. 1, heft 6. With 

4"* plates. 8"" Leipzig, 1884. 
Bbabb, T. Jfe/Zari.— Experiments on the circulation of water in sandstone. 8^ Pam. 
Liverpool, 1884. Thb Authob. 

Bbnbtieb, E, — £tude g^ologique sur le nouveau projet de tunnel coud6 traversant le 
massif du Simplon, 8° Pam. Lausanne, 1883. The Authob. 

B088, (Lieut.'CoL) W, A. -The Blow-pipe in Chemistry, Mineralogy, and Geology, contain- 
ing all known methods of anhydrous analysis, many working exam- 
ples, and instructions for making apparatus. 8^ London, 1884. 
ScHMiBLiN, 8. — The glacier garden, near the lion monument at Lucerne. 8^ Pam. Zurich, 
1876. H. B. Medlicott, Esq. 

Scott, R. J. — South Australia. Beport to Calcutta Exhibition Committee. Flsc. Adelaide, 
1884. H. J. Scott, Esq. 

Summaries of the reports of the Inspectors of Mines to H. M.'s Secretary of State, and 
mineral statistics of the United Kingdom of Great Britain and Ireland 
for 1883. Flsc. London, 1884. 

Bbybvue and Aobicultubal Dbpabthbkt. 
Swift, James. — ^The microscope and accessory apparatus : notes on the construction, selec- 
tion and use. 2nd edition. 8° London, 1883. The Authob. 
SzAJMOCHA, Ladislavs. — Zur Kenntniss der Mittelcretacischen Cephalopoden-Fauna der- 
Inseln Elobi an der Westkuste Afrika's. 4P Pam. Wien, 1884. 

The Authob. 

Taooee, Sourindro J/oA«n.— Mani-Mala, or a treatise on gems. 2 Parts. 8° Calcutta, 

1879 and 1881. The Authob. 
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THtlei of Boohs. Donort. 

The Norwegian North Atlantic Expedition, 1876-1878. Zoology. Asteroidea, by D. C. 
Danielssen and Johan Eoren. 4" Christiania, 1884. The Committbb. 

THOMSOif, (Sir) C. Wyville, and Mubsat, John. — Report on the scientific resnlts of the 
Toyage of H. M.'fl S. "Challenger" dining the yeaw 1873-76. Zoology, 
Vol. 9, text and plat«8. 4'' London, 1884. 

Sbobbtakt of Stitb fob Ikdia. 

Watts, Henry. — Mannal of Chemistry. Vol. 1, Physical and Inorganic Chemiatry. 8" 
London, 1883. 

Tear-book of the scientific and learned Societies of Great Britain and Ireland : giving an 
account of their origin, constitution, and working. With appendix, com- 
prising a list of the leading soientiftc societies throughout the world. 
5th issue. S"" London^ 1884 



PERIODICALS, SERIALS, &o. 

American Journal of Science. 3rd series. Vol. XXYIII, Nob. 165—167. 8^ New Haven, 
1884. Thb Editobs. 

American Naturalist. Vol. IX, No. 9; Vols. XII to XVII j and XVIII, Nos. 8—10. 8° 
Salem and Philadelphia, 1875 and 1878—1884. 

Annalen der Physik und Chemie. Neue Folge. Band XXIII, heft 1—3. 8** Leipzig, 1884 

Annales des Mines. 8"' s^rie. Tome V, livr. 2—3. 8" Paris, 1884. 

L'AdMIVS. DBS MiNBS. 

Annales des Sciences Naturelles. 6*^* s^rie. Botanique, Tome XVIII, Nos. 1—6 ; Zoologie, 

et Pal^ontologie, Band XVII, Nos. 1—2. 8* Paris, 1884. 
Annals and Magazine of Natural History. 5'^ series. Vol. XTV, Nos. 81—84 8* London, 

1884. 
Athenaum. Nos. 2968—2980. 4'' London, 1884 
Bciblatter zu den Annalen der Physik nnd Chemie. Band VIII, Nos, 9—11. 8" Leipzig, 

1884 
Biblioth^que Universelle. Archives des Sciences Physiques et Naturelles. 8** p^riode. Vol. 

XII. Nos. 7—9. 8* Geneve, 1884. 
Kblioth^ue Universelle et Revne Suisse. 3"'* p6riode. Tome XXm, No. 68 to XXIV, 

No. 70. 8*" Lausanne, 1884 
Botanisches Centralblatt. Band XIX, No. 9 to XX, No. 9. 8"* Cassel, 1884. 
Chemical News. Vol. L, Nos. 1294—1306. 4'' London, 1884. 
Colliery Guardian. Vol. XLVIII, Nos. 1236—1248, Pol. London, 1884 
Das Ausland. Jahrg. LVH, Nos. 35—47. 4^ Munchen, 1884 

Geological Magazine. New Series, Decade III, Vol. 1, Nob. 9-^12. 8** London, 1884 
Geological Record for 1877 and 1878. 8"* London, 1880 & 1882. 
Iron. Vol. XXIV, Nos. 609—621. Fol. London, 1884. 
Journal de Conchyliologie. 3'"' s^rie. Tome XXIV, No. 2. 8* Paris, 1884 
Journal of Science. 3d series. Vol. VI, Nos. 128—130. 8** London, 1884. Thb Editob. 
Just, Leopold. -Botanischer Jahresbericht Jahrg. IX, Abth. II, heft 2. 8^ Berlin, 1884 
London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science. 5'^ series. 

Vol. XVIII, Nos. 112—115. 8*^ London, 1884. 
Mat^rianx pour 1' histoii-e primitive et naturelle de V Homme. 2"' s^rie. Vols. II — ^V, VII, 

VIII, and X— XIII. p** Toulouse and Paris, 1872—1883. 
Mining Journal, with supplement. Vol. LIV, Nos. 2559—2571. Fol. London, 1884. 
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Natura Novitates. Nos. 16—22. S"" Berlin, 1884. 

Nature. Vol. XXX, No. 776 to Vol. XXXI, No. 788. 4' London, 1884. 

Neues Jahrbuoh fur Mineralogie. Geologie nnd Palaontologie. Jahrg, 1884, Band II, heft 

3. 8'' Stuttgart, 1884 
Palaeontographioa. Band XXXI, Lief. 1-2. 4'' Cassel, 1884. 

Petermaan's Geograpliisclie Mittheilungen. Band XXX, Nob. 9—11. 4*" (Jotlia, 1884. 
Professional Papers on Indian Engineering. 3rd series. Vol. II, No. 7. Flsc. Roorkee, 1884. 

Thomasoh Oollboe oif Civil Enginbbbing. 
Quarterly Journal of Microscopical Science. New series, VoL XXIV, No. 96. 8* London, 

1884. 
Zeitschrif t f iir NaturwLssensdiaften. Folge 4. Band III, heft 4. S"* Halle, 1884. 



GOVERNMENT SELECTIONS, EEPORTS, Ac, 

Assam.— Report on the administration of the province of Assam, for the years 1874-75 and 

1876-76. 8** Shillong, 1877. Ohibf Commissionbb of Assam. 

Bbngai.— Report on the administration of Bengal, for 1880-81 to 1882-83. 8° and Flsc 

Calcutta, 1881—1884. Govbbnmbnt op Bbnoal. 

„ Selections from the records of the Government of Bengal. No. 46. Flsc. Calcutta, 

1873. Govbbnmbnt of Bbngal. 

„ The Quarterly Bengal Army List for October 1st, 1884 New series. No. 90. 

8** Calcutta, 1884 Govbbnmbnt Pbintino Office. 

Bombay.— Gazetteer of the Bombay Presidency. Vol. VIIL 8"* Bombay, 1884. 

Bombay Govbbnmbnt. 

„ Watson, Major J. W. — Statistical account of Bh^vnagar. (From Bombay Ghizet- 

teer,) 8^ Bombay, 1878 and 1880. P. Fedden, Esq. 

„ Watson, Major J. W. — Statistical account of Naw4nagar. (From Bombay 

Gazetteer.) 8^ Bombay, 1879. F. Fbddbn, Esq. 

Centbal Peovincbs. — Report on the administration of the Central Provinces for 1883-84. 

Flsc. Nagpur, 1884 Chibf Commissionbb, Centbal Peovincbs. 

India. — Annual statement of the trade and navigation of British India with foreign 

countries, and of the coasting trade of the several presidencies and pro* 

vincesy in the year ending 3 1st March 1884 Vol. I, No. 18, Foreign 

trade ; and V^l. 11, No. 18, coasting trade. 4"* Calcutta, 1884 

Govbbnmbnt PBiNTiNa Office. 
„ 0*CoNOB, J, ^.—Review of the accounts of the sea-borne foreign trade of British 
India, for the year ending 3l8t March 1884. Flsc. Simla, 1884. 

Dbpabtment of Finance and Commebcb. 
„ Indian Meteorological Memoirs. Vol. II, part 3. 4'' Calcutta, 1884 

Metbobolooical Repobtbb to Govbbnmbnt of India. 
„ Meteorological observations recorded at six stations in India in 1884 reduced 
and corrected. April and May 1884. 4*" Calcutta, 1884 

Metbobolooical Repobtbb to Govbbnmbnt of India. 
„ Report on the administration of the Meteorological Department of the Government 
of India in 1883-84 4'' Calcutta, 1884. 

Metbobolooical Repobtbb to Govbbnmbnt of India. 

„ List of civil officers holding gazetted appointments under tbe Government of 

India in the Home, Legislative, and Foreign departments, as it stood on 

the 1st July 1884 8"* Calcutta, 1884 Homb Dbpabtment. 
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India. — Report on the administration of the Persian Gnlf Political Residency and Mnscat 

Political Agency for 1883-84. Flso. Calcutta, 1884. 

FoBBioN Defabticbnt. 
Madras.— Administration report of the Government Central Museum, Madras, for 1883-84. 

Flso. Madras, 1884. 

SUPBBINTBNDBNT, QOVBBKMBNT CbNTBAL MuSBUM, MaDBAS. 

„ Administration report of the Meteorological Reporter to the Government of 
Madras for 1883-84. 8'' Madras, 1884. 

MSTBOBOLOGICAL RbPOBTBB TO GOYBBKHBNT OF MaDBAS. 

N.-W. Pbotihcbs — Report on the administration of the Northern India Salt Revenue 
Department for 1883-84. Flsc. Agra, 1884 

Cokhissioneb, Nobthbbh India Salt Rbybnus. 



TRANSACTIONS, PROCEEDINGS, Ac, OF SOCIETIES, SURVEYS, &o. 

Amstbbdam. — Jaarboek van het Mijnwezen in Nederlandsch Oost Indie. Jahrg., XIII, 
pt. 1. &" Amsterdam, 1884. 

Reybnub and Agbicultubal Dbpabtmbnt. 
Bbblin.— Ahhandlungen dor Kbniglichen Akademie der Wissenschaften. 187:2^1878. 
4* Berlin, 1873—1879. 
„ Zeitschrift der Oeutsohen Geologischen GesellschafL Band XXXYI, hefb 2. 

8° Berlin, 1884. Thb Socibtt. 

BoLOONA. — Memorie della Accademia delle Scienze dell' Istituto di Boloj^na. 4th series 

Vol. IV. 4' Bologna, 1882. The Institute. 

Bbussbls. — Bulletin de la Soci^t€ Royale Beige de G^graphie. 1884, Nos. 3 — 4. 

8' Bruxelles, 1884. The Society. 

Budapbst. — Fabeass, Robert, — Katalog der Bihliothek und Allg. Kartensammlung der 

Eon. Ungar. Geologischen Anstalt. 8^ Budapest, 1884. 

The iNSTrruTE. 
„ Fbldtani Kozlony. Eotet XIV, fiizet 4—8. 8° Budapest, 1884. 

The Institttte. 
„ Jahreshericht der E. U. Geologischen Anstalt fur 1883. 8** Budapest, 1884. 

The Institute. 

„ MittheHungen aus dem Jahrhuche der E5n. Ungarischen Geologischen Anstalt. 

Band III, heft 1-4. S"* Budapest, 1874-1879. Thb Ikstitutb. 

Buenos Aibbs. — Boletin de la Academia Naoional deCiencias. Tomo VI, No. 1. 8^ Buenos 

Aires, 1884. The Acadbmt. 

Calcutta. — Catalogue of the lihrary of the Asiatic Society of Bengal, by Walter Arnold 

Bion. 8^ Calcutta, 1884. The Society. 

„ Journal of the Asiatic Society of Bengal. New series. Vol. LIII, part 1, 

No. 2, and part 2, No. 2. S"* Calcutta, 1884. The Society. 

,. Proceedings of the Asiatic Society of Bengal. Nos. 7— 9. 8° Calcutta, 1884. 

The Society. 
„ Memoirs of the Geological Survey of India. Vol. XXI, part 1. 8* Calcutta, 1884. 

Geological Subvey of India. 
n Pakeontologia Indica. Series X, Vol. Ill, parts. 3—4, and XIII, Vol I, part 4 

(fasc. 4). 4"" London and Calcutta, 1884. 

GEOLoaiCAL Subvey of India. 
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Calcutta* — Records of the Qeological Sorrej of India. Vol.iVll, part 4. 8° Calcntta, 1884. 

Geological SuBVEY of India. 

u Survey of India Department. Notes for August to NoTember 1884. Flsc. 

Dehra-Dun, 1884. Subtbt of India. 

Cambbidgb, Mass.— Bulletin of the Museum of Comparative Zoology. Vol. XI, No. 10. 8* 

Cambridge, 1884. Museum of Compabativb Zooloot. 

n Memoirs of the Museum of Comparative Zoology. Vol. IX, No. 3. 

4° Cambridge, 1884. Musbum of Compabatiyb Zoology. 

CoPBNHAGBir.-— M^moires de I'Aoad^mie Royale de Copenhague. 6"*" s^rie. Vol. II, 

Nos. 6, 9, and 10. 4'' Copenhague, 1884. Thb Academy. 

„ Oversigt over det Kongelige Danske Videnskabemes Selskabs. No. 2. 8" 

Kjobenhavn, 1884. The Academy. 

Fbanefubt-a-Main. — Abhandlungen der Senckenbergischen Naturforsohenden Gesellschaft. 

Band XIII, heft 3—4. 4"" Frankfurt-a-Main, 1884. 
Glasgow.— Glasgow University Calendar for 1884-86. 8** Glasgow, 1884. 

The UiavEBSiTY. 

„ Proceedings of the Philosophical Society of Glasgow. Vol. XY. 8^ Glasgow, 

1884. The Society. 

Halle. — Abhandlungen der Naturforschenden Gesellschaft; zu Halle. Band XVI, hefb 2. 

4' Halle, 1884 The Society. 

„ Bericht iiber die Sitzungen dep Naturforschenden Gesellschaft zu Halle, im 

Jahre 1883. 8° Halle, 1884. The Society. 

LiJ^GB. — Catalogue des ouvrages de g^ologie, de min^ralogie et de paMontologie ainsi que 

des cartes g^ologiques qui se trouvent dans les principles biblioth^ues 

de Belgique, par G. Dewalque. 8° Li^ge, 1884 

The Society. 
Liverpool. — Proceedings of the Liverpool Geological Society. Vol. IV, part 6. 8® Liver- 
pool, 1884. The Society. 
London. — Catalogue of the specimens illustrating the osteology and dentition of vertebrated 
animals, recent and extinct, contained in the museum of the Royal 
College of Sargeons of England. Part 2. Class Mammalia, other than 
Man, by William Henry Flower and John George Garson. 8* London 
1884 
„ Journal of the Anthropological Institute of Great Britain and Ireland. VoL XIV, 

No. 1. 8* London, 1884. 
„ Journal of the Iron and Sfceel Institute. No. 1, 1884. 8^ London, 1884. 

The Institute. 
„ Journal of the Linnean Society of London. Vol. XVII, Zoology, Nos. 101—102 ; 

Vol. XX, Botany, Nos, 130—133. 8* London, 1883-1884. 

The Society. 

„ List of Fellows of the Linnean Society of London, October 1883. 8^ London, 

1883. The Society. 

„ Proceedings of the Linnean Society of London, from November 1882 to June 

1883. 8** London, 1883. The Society. 

„ Transactions of the Linnean Society 2"** series. Vol. II, Zoology, parts 9—10, 

and Vol. Ill, part 1, Vol. H, Botany, parts 6—7. 4° London, 

1883—1884. The Society. 

,1 Journal of the Royal Asiatic Society of Great Britain and Ireland. New series. 

Vol. XVI, part 4 8° London, 1884 The Society. 
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LoKix>N. — ^List of Fellows of the Boyal Society of London for 1883. 4° London, 1884. 

Thb Socibty. 

n Philosophical Transactions of the Boyal Society of London. YoL 174, parts 2-3. 

4** London, 1883. Thb Socibty. 

„ Proceedings of the Boyal Society of London. Vol. XXX YI, No. 231, and 

Vol. XXXVU, No. 232. 8" London, 1884. Thb Socibty. 

„ Journal of the Society of Arts. VoL XXXII, Nos. 1660—1672. S"" London, 

1884. Thb Society. 

y, lost of Fellows, &c., of the Zoological Soeiety of London, corrected to June Ist 

1884. 8"* London, 1884. Thb Socibty. 

Proceedings of the Zoological Society of London for 1884. Parts 2 and 3. 8** 

London, 1884. Thb Socibty. 

Mineralpgical Magazine and Journal of the Mineralogical Society. Vol. YI, No. 

27. 8^ London, 1884. 

Proceedings of the Boyal Geographical Society. New series. YoL YI, Nos. 8 — 10. 

8"* London, 1884. Thb Society. 

Quarterly Journal of the G^logical Society. YoL XL, part 3, No. 159. 8^ 

London, 1884. Geological Society of Lokdok. 

Madbip.— Boletin de la Sociedad Geografica de Madrid. Tome X, No. 4, and XYII, Nos. 

1—3. 8' Madrid, 1881 and 1884. Thb Society. 

Manchbstbb. — Memoirs of the Manchester Literary and Philosophical Society. 3rd series. 

Yols. YII and IX. 8** Manchester, 1882— 1883. The Society. 

„ Proceedings of the Manchester Literary and Philosophical Society. Yols. 

XX— XXII. 8** Manchester, 1881—1883. The Society. 

„ Transactions of the Manchester Geological Society. Yol. XIII, part 11 ; Yol. 

XIY, parte 17—22 ; and YoL XY, parte 1—2. 8** Manchester. 1876—1878. 

,, Transactions of the Manchester Geological Society. Yol. XYIII, parte 1 — 2. 

S"" Manchester, 1884. The Society. 

Melboubnb. — Geological Survey of Yictoria. Beport of Progress hy the Secretary of 

Mines. No. YIL 8"" Melbourne, 1884. 

Gboloqical Suevby of Yictobia. 

„ Beporte of the Mining Begistrars for the quarter ending dOth September 

1884. Flsc. Melbourne, 1884. Depabtuent of Mines, Yictoria. 

Moscow. — Bulletin de la Soci^t^ Imp^riale des Naturalistes de Moscou. Tome XXXIY, 

Nos. 2 and 4. 8** Moscou, 1861. 
MuNCHEir.— Abhandlungen der Math.-Phys. Glasse der Koniglich Bayerischen Akademie 
der Wissenschaften. Band XY, Abth. 1. 4° Munchen, 1884. 

The Academy. 

„ Almanach der Koniglich Bayerischen Akademie der Wissenschaften filr das 

Jahr 1884. 8" MUnchen, 1884. Thb Academy. 

„ Sitzungsberichte der Math.-Phys. Classe der Koniglich Bayerischen Akademie 

der Wissenschaften. Band XIII, heft 3, and XIY, 1. 8^ Munchen, 

1884 Thb Academy. 

Nbuchatbl. — Bulletin de la Soci^t^ des Sciences Naturelles de Neuchatel. Tome II and 

in. 8** NeuchateL 1846—1853. 
Newcastlb-ufon-Tyitb. — Transactions of the North of England Institute of Mining and 
Mechanical Engineers. Yol. XXXIII, part 6. 8^ Newcastie-upon-Tyne, 
1884. The Institute. 

Pabis.- Bulletin de la Soci^t^ G^logique de France. 3°^® s^rie. Tome XI, No. 8, and XII, 
No. 7. 8** Paris, 1884. Thb Society. 
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Fakis. — M^moires de la Soci^t^ GMogique de France. 3*°* s^rie. Tome III, No. 2. 4*^ 

Paris, 1884. Thx Socibtt. 

Philadblphijl.— Journal of the Franlclin Institute. 3rd series. Vol. LXXXYIII, Nos. 

3—6. 8® Philadelphia, 1884. Thb Ikbtitutb. 

Pisa.— Atti della Societa Toscana di Scienze Naturali. Memorie. Yol. Y, faso. 1. 8° 

Pisa, 1881. Thb Socibtt. 

M Atti della Societa '.Toscana di Scienze Naturali. Process! Yerhali. Yol. I, pp. 

9-24; Yol. II, pp. 241— 288; Yol. Ill, pp. 93-162, 173—236, and 

253-272 ; Yol. lY, pp. 71—124. 8" Pisa, 1878—1884. Thb Socibtt. 
St. Pbtbbsbfbo.— MSmoires de L'Acad^mie Imp^riale des Sciences de St. P^tersbouig. 

7»» s^rie. Tome XXXI, Nos. 15-16, and Tome XXXII, Nos. 1—8. 

4*" St. P^tersbourg, 1883—1884. The Academt, 

Stdnbt. — Journal and Proceedings of the Bojal Society of New South Wales. Yol. XYII. 

8" Sydney, 1884. Thb Socibtt. 

ToKio.— Transactions of the Seismological Society of Japan. Yol. YII, part 1. 8° Tokio, 

1884. Thb Socibtt. 

ToBiNO.— Atti della B. Accademia delle Scienze di Torino. YoL XIX, Nos. 6—7. 8** Torino, 

1884. Thb Acadbkt. 

ToBONTO.— Proceedings of the Canadian Institute. Yol. 11, No. 2. 8" Toronto, 1884. 

Thb Institutb. 
YiBNKA.-*Da8 E. K. Hof-Mineraliencabinet in Wien, die geschichte seiner sammluugen 

und die plane fiir die neuaufstellung derselben in dem K. E. naturhis- 

torischen hof museum. Ton F. von Hochstetter. 8^ Wien, 1884. 

Thb AuTHOB. 
„ Yerhandlungen der K. K. Geologischen Reichsanstalt. Nos. 13 — 16. 8* Wien, 

1884. Thb Institutb* 

Wabhinqtow. — Smithsonian Miscellaneous Collections. Yol. X. 8* Washington, 1873. 
Wellingtom. — Colonial Museum and Geological Survey of New Zjealand. Beports of 

geological explorations during 1883-84. 8° Wellington, 1884. 

Gbolooical Subvbt op Nbw Zealand. 
„ Meteorological Report, 1883; including returns for 1880 to 1882, and 

averages for previous years. 8° Wellington, 1884. 

Geological Subvbt of Nbw Zb aland. 
Yokohama.- Mittheilungen der Deutschen Gesellschaft fiir Natur-und Yolkerlcunde Osta- 

siens. Heft 31. 4° Yokohama, 1884. Thb Socibtt. 

January 28th, 1885. 
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OF 

THE GEOLOGICAL SURVEY OF INDIA. 

^art aj 1885. [May. 

A foBsiliferoos series in the Lower Himalaya, Oarhwal, hy 0. 3. MiDDtEMiss, B.A., 

Oeological Survey of India. 

This note is to put on record a find of fossils made by me in Maroh from rocks 
of the Lower Himalaya of British G-arhwal, all which have hitherto proved barren, 
save for comminuted fragments of shells^ in the Mandhdlis known as the T&l lime- 
stone, a series which I have in addition shown to be the westward extension of 
these same fossiliferous rocks. 

The find is not large, nor are the specimens all that could be desired in point 
of preservation; for frequently, owing to subsequent crystallisation and to oolitic 
aggregation, many have been spoilt. 

Corals, Belemnites, Lamellibranchs, and GFasteropods, usually air of small size, 
form the staple of the rock contents, but writing, as I am, from the field, I can 
do no more at present than indicate their probable jurassio age. 

The places I found most suitable for coUecting are the northern slopes of the 
Dhalniya-ka-danda, at Oajwara^ (Gujbara of map), and five miles to the west- 
north-west in a small ridge east of IJmrela (Oomrela). 

The petrological characters of the fossiliferous rock series are as follows : — In 
P iroLoffv *^® main it is either a grit or a quartzite, with here and 

there a tendency to become calcareous or conglomeratic. 
Though some irregularities seem to show that the calcareous band is not constant 
in vertical position, and that the conglomerate varies very much in coarseness in 
different localities, still a good general sequence can be made out. The lowest 
rock, when seen, is of millstone-grit type, a good sound rather coarse-grained 
stone that would make excellent building material. The quartz grains are quite 
distinct, slightly angular, and of a milky- white or smoky colour ; they are set in 
a pale-yellow earthy matrix^ and on weathered surfaces stand out white against black 

' Brought to notice in 1864 (AfemoTn, 0. S. I., Ill, part 2, page 69). 

' E. Ion. 78° 42', N. lat 29'' 47'. Sheet No. 7 of the 1-iuch maps of Eamaan and BrlUsh 
Qurhwal. 
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in a way unlike any other rocks in this neighbonrhood. The conglomerate merely 
differs from this by having the milk-white quartz pebbles of larger size, but still 
retaining their slight angularity. At one place near Aldabou I found a variety 
containing limestone pebbles in addition to those of <yiartz. Besides becoming 
conglomeratic in parts, this same grit, in nearly every section I have seen, had at 
one horizon, generally near the base, a calcareous element, which, entering into the 
composition by small instalments in the more eastern parts of the area under 
consideration, becomes more pronounced on the northern flanks of the Dhalniya- 
ka-danda, the ridge at Gajwara, and generally in -the direction of the T41 lime- 
stone, with which it ultimately coincides. -The greater or less quantity of 
lime present has not, however, destroyed its marked external appearance ; in every 
locality it shows up as an indigo-black rook, very often forming a scarp some 30 or 
40 feet high. It is never pure limestone, but always shows the blebs and grains 
of quartz ; even where the limestone is most crystalline these can always be detect- 
ed outside in relief, whilst the finer particles have become nuclei for oolitic grains 
which sometimes crowd the rock. This is the fossiliferous bed, and it has |in aver- 
age thickness of not more than 50 feet. 

In an upward -direction the coarse grit, bearing its limestone and conglomer- 
ates, passes by insensible gradations into a compact massive quartzite, white, or 
faintly tinged with violet. This has a large, but unknown, thickness. To the east- 
south, east at Ghaprait (sheet No. 8), and the higher hills north, it is seen in force, 
but beyond I have not yet had time to trace it. 

Though in the future, when the fossils are identified, this rock may form a 
horizon from which to reckon beds stratigraphically asso- 
ciated with it, at present it is well rather to speak of it in 
terms of the formations above and below it, and more especially as the overlying 
one, a massive blue-grey limestone, has already a very probable equivalent in the 
Krol limestone. 

But to commence with those beneath it. They are purple and green slates and 
BedB below *^ angular volcanic ash or breccia. From their invariable 

nearly vertical bedding it was some time before I decided 
which was the upper. At length a section in the Khoban river gave me the clue : 
there the ashes slack off their high northerly dip, and above them the purple and 
green slates arch over to the south, and helped by a fault, cover them in entirely 
for a short distance. This note does not profess to enter into details with regard 
to these beds. It is enough at present to say that they must have very great 
thickness, reckoned probably by miles ; that the volcanic breccia is itself, certainly 
in places, a mile thick without any important constituent change ; that though 
undoubtedly volcanic in origin, either direct or indirect, it possesses very few frag- 
ments of igneous rocks ; nor is it associated with any outpourings of lava, nor 
with igneous intrusions, of which I have seen none in this area. Of the purple 
and green slates, it suffices here to say that they are very uniform until K&logarhi 
mountain is approached. The mass of that height is Chor gneiss ; * and from what- 
ever cause, the slates on approaching it become altered in two modes — they level 

^ All iiitraaive rock. 
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out dipping only slightly towards the mountain on all sides, and they at the same 
time become schistose, schists, and garnetiferous schists. * 

It is now necessary to say what is the relation between the fossiliferous beds 
Relation of the fossili- *^*^ those underlying slates and ashes, and also to fix some 
fei-ous beds to those be- few definite localities. To this end the section up the 
^^' Mandal river, and on the ridge west of it, in the neighbour- 

hood of Dobriah, is absolutely conclusive. That in the river bed from near 
Dhdmdhar to J&mri exhibits nothing but the ashes striking about east and west, 
the strata either vertical or inclined at angles of 80^ and 70** either one way or the 
other, ^ot a yard of the distance is unexposed. The lower parts of the ridge from 
Dhaigaon to near Ghaprait are the same both on its east and west sides. But the 
numerous summits into which the ridge has weathered are all formed of an approx. 
imately horizontal capping of the pebbly grit with a calcareous lower bed. At 
this place, however, the lime in the rock is not abundant, nor did I get fossils, 
though they may nevertheless be there, for my find was subsequent to mapping 
this pai't, and I was not specially on the look-out for them. 

If more evidence for the marked unconformity between these two series were 
wanting, it is found in the further extension of the pebbly grit and calcareous 
band along the ridge. At a point almost due west of Dhamdhar, where is a gap 
over into the Haldgadi river, they rest on the purple and green slates, which are 
striking east and west with a nearly vertical dip similar to the ashes. 

Here too it is seen that they underlie the massive blue-grey limestone which 
forms the top of Dhargaon. From Dharg^n a tolerably 
<Jw"°^thUTw" well-defined ridge runs weat-north-west up to the Kote- 
dwar glen cut thi*ough at intermediate places by the 
Haldgadi and Palain rivers. Its formation is the same throughout as at Dhar- 
gaon, with a slight exception : the north flanks have always the pebbly grit, with 
its calcareous band below and quartzites above in a continuous exposure dipping 
at 30^ or 40* south-south-west, whilst the summit and southern flanks have the 
superposed massive limestone, which is cut off to the south by the main bound- 
ary fault letting in the later tertiary sand-rock. The exceptiou is near the 
Kotedwar glen north of Aldabou, where the limestone, having gradually lopt 
its hold on the ridge summit and become confined to the southern slope, is at 
last entirely cut off by the main boundary fault. Of course it must not be sup- 
posed that there are no slight disturbances affecting these relations : at Gajwara 
inversions of the fossiliferous beds complicate matters a little ; but on the whole 
the steady strike and the absence of important structural faults render the 
sequence perfectly intelligible, notwithstanding the violent contortions and the 
heavy jungle which clothes the hills. 

It is now necessary to return eastward of Dhargaon for an exposure of im- 
portance. Just as in a westward direction the limestone was gradually lost by 
the strike of the beds and the strike of the main boundary fault meeting near 
Aldabou, so eastward, on account of their divergence, the south edge of the 
limestone becomes free at Jhirt, and is seen to lie not upon the pebbly grits bat 
upon the purple and green slates. This evidence so far as it goes argues an un- 
conformable position for the limestone ; but it might not be so ; the fossiliferous 
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beds might, being conformable to tbe limestone, have thinned out ; and this would 
indeed be plausible were it not for the great thickness which the quartzites attaiil 
north of Ghaprait and J&mri, making it almost incredible that they could have 
thinned away to nothing in a distance of only 3 or 4 miles. 

We have now seen that the fossil-bearing series lies in certain places uncon- 
formably above a set of slates and volcanic ashes, and unconformably beneath fi 
massive blue-grey limestone of Krol type. 

But besides these local associations, there is another important one, mz,y the 

association with the nummulitic shales and limestone. 
^^lationB with eocene rpj^^ ^^^^ ^^ j^^^^ y^^^ ^^^^^ ^p ^ ^^^ ^ ^^^ ^^^ ^ 

the Bodli-ka-sot, a tributary of the Palain river, where they 
lie, much folded, on the purple slates, and at several intermediate places between 
there and the BaniLs ridge. In consequence of the massive limestone series having 
vanished at Aldabou, the formerly subjacent fossiliferous beds have, in a westerly 
direction, their surfaces at liberty for still higher beds t9 occupy. Hence they 
become in this direction covered partially or wholly by the nummulitic clay- 
shales. Both series have indeed become in many places almost inextricably con- 
fused ; for, starting probably with an uneven bottom for the tranquil deposits of 
the nummulitic sea, they have since been crushed together, causing the one to be 
displaced bodily, and the other to give by imperceptible folding and squeezing ; 
whilst subsequent to all this, denudation has acted with a similar partiality, and 
land-slips have completed the ruin. For this reason it will be better to consider 
the two together in what I have further to say about them. 

In the Kotedwar glen due north-north-west of Aldabou the main boundary 
fault of the usual reversed type cuts into the strata. North of it after some 
crush-rock and purple beds come the quartzites and calcareous beds vertical, and 
running as a minor ridge up to Umrela, beyond which in a gap in the ridge 
south-south-east from Gharekh they dip at a rather low angle to the north-north- 
east, forming part of a synclinal curve, which again brings them to the surface 
with an opposite dip higher up on the ridge about 1 mile from Gharekh summit. 
Below in the stream west of the ridge their continuous outcrop can be seen. 
Towards the Kotedwar glen the northern outcrop of this trough of the f ossilifer- 
ous beds becomes lost, re-appearing again in the Kotedwar stream as a thin bed 
dipping south at the point where the Mtih&ra and Kotedwar streams join. In 
this irregular broken-edged trough the nummulitic beds lie folded in a steep 
synclinal. They are very well exposed in the main stream, the Nummulitic 
limestone striking west-north-west along the mile reach between the points where 
the Umrela and Mdhdra streams flow into it. It is however impossible to realise 
this on the map, owing to this reach being erroneously drawn north-east and 
south-west. 

The next point where those beds are seen is in the Sour glen, due west of 
Gaira and up the slope of the ridge noi-th of Simalna. The trough has here lost 
its regularity, the calcareous beds and quartzites dip at 65** south-south-west in 
the Sour stream, climb the side-ridge towards Narai, and appearing here and 
there on the main ridge south of this return down the Simalna side-ridge. In the 
intervening side stream north of Simalna, and as pockets and films here and there 
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on the adjacent slopes, are placed the nnmmnlitic olajs and clayey shales. The 
main boundary fault is immediately south of Simalna. On the main ridge dne 
north-north-west from Simalna a small peak displays a good section of the quart- 
iites above and the calcareous beds below : dip north-north-west 40®. 

In the bay between this^peak and Shalni there is a great film of nummulitic 
beds which a surface land-slip distinctly revealed dipping down hill steeply. On 
getting out of this bay on to the Shdlni ridge all the nummuHtics were left be- 
hind except some few beds around the village itself. 

On visiting the ridge north-west of Banas-talla, in order to join my work with 

Coincidenoe of foBsili- ^^- Oldham's, I found, as I expected, that the Tdl lime- 

ferons bed with Mandhi- stone series, classified by him as Mandhalis,^ are the 

lis of BanAa ndge. identical calcareous and sometimes conglomeratic grits 

and quartzites from which I have obtained recognisable fossils. 

It is interesting to note in passing that so entirely have the nummulitics in 
this easterly direction retained their Sabdthu character that the pisolitic iron-ore 
of the bottom bed besides being present near Syair is vouched for in the Sour and 
Kotedwar glens by loose fragments with grains somewhat larger than a pea. 

I do not propose to do more here than put these few facts on record. Though 
the somewhat extraordinary positions of the eocene beds offer scope for theorising 
and certainly must have important bearings in elucidating the mode of building 
of the Himalaya, I think it better to await further information in the same 
direction. 



Note on the probable age of the Mandh&li series in the Lower Himalaya, by 
R. D. Oldham, A.il.S.M., Geological Survey of India. 

That the discovery of recognisable fossils in Himalayan beds, recorded above 
by my coUeage Mr. 0. S. Middlemiss, will be of great value in establish- 
ing the age of at least one member of the Himalayan sequence, and in giving us 
a horizon to work from, cannot be doubted. But as in the meanwhile the 
acceptance as final of my ascription of the Tdl beds to the Mandhdli series 
might lead to misapprehension and confusion which would take long to pass away, 
I should wish to put the following explanation on record. 

My identification of the T&l beds with the Mandhdli series rested entirely on 
the discovery among the former of a bed of limestone conglomerate cemented by 
a limestone matrix, very similar to the one of most important members of the 
series as exposed at Mandhali in Jauns&r Bdwar. 

But the really characteristic feature of the Mandhdli series is the occurrence 
of beds composed of a fine-grained matrix through which fragments, generally 
angular or subangular, of rock are scattered, the whole suggesting that the agency 
of floating ice was concerned in its formation. 

No bed of this type was seen by me among the Tdl beds, nor does my colleague 
mention the occurrence of any such bed in the area examined by him ; and as the 

1 Supra, XVII, p. 161. See also the paper followiDg the prcfleot one. 
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age he assigns to the T&l beds differs from that which on independent grounds 
I am inclined to ascribe to the Mandh&U series, it will not be safe to accept the 
two as eqniyalent. 

As mentioned aboye, the general appearance of the characteristic member of 
he Mandh&li series and of the very similar Blaini conglomerate is that of an 
indnrated boulder clay. In the latter case the resemblance has been noticed by 
other observers, and during the last working season a pebble was extracted from 
the Blaini conglomerate which showed very distinct striation similar to that 
generally attributed to glacial action. Though this corroborative evidence has 
not yet been obtained in the case of the Mandh^ conglomerate, it very probably 
is also of glacial origin. 

I have elsewhere expressed an opinion that these old glacial boulder clays are 
of great value in determining the homotaxy of the beds among which they occur, 
and that they are at present the only means by which it can be determined with 
anything like absolute accuracy. But whether or no this opinion vrill bear the 
test of subsequent examination, there can be no doubt that between neighbouring 
areas the method is perfectly valid, and we may take it as practically certain that 
when the glacial boulder clays of Talchir age were being deposited in what is 
now the peninsula of India, glacial conditions must have obtained over what are 
now the Himalayas. 

In the beds of the Himalayan sequence there are three distinct horizons at 
which similar beds are found, vi»,, (1) the Mandh41i, (2) the Blaini, and (3) the 
Panjdl conglomeratic slates. Of these, the two last named are so low in the 
series that their contemporaneity with the Talchirs is practically out of the 
question ; there remains only the Mandh&U conglomerate which we may there- 
fore take as most probably the equivalent of the Talchir beds of India. 

But the Talchirs are at the latest of triassic at the earliest of carboniferous 
and probably of permian age as judged by European standards ; and we must 
for the present refrain from finally identifyng beds which are very probably of 
the same age with other beds containing such a characteristically mesozoic 
fauna as is described by Mr. Middlemiss. 



Note on a second species of Siwalik Camel {Gamehis antiquus, nobis (ex Falc. and 
Caut. M. S.), by R. Ltdekkeb, B.A., F.G.S., Ac. 

In their original notice of Camelus sivalensis, Falconer and Cautley* said 
they had evidence of a second and smaller species of the genus from the Siwaliks 
which they proposed to call 0. antiquus ; but in the subsequently pablished plates 
(Nos. LXXXVI to XC^ of the " Fauna Antiqua Sivalensis " all the remains are 
figured under the former name. A recent examination of the specimens in tlie 
British Museum has convinced me that the original view is in all probability 
correct. 

Gamelus sivalensis is a large species characterized by the rugose enamel of 
the teeth, the flatness of the inner walls of the lower true molars, and the 

• 7^<?f *F«lconer'B rnlsBontological Memoirs/ Vol. I, p. 231. 
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long, slender, horizontal ramus of the mandible. The second species, for which 
I propose to reyiye the M. S. name of 0. antiquus, is of smaller size, has a short, 
deep mandible, perfectly smooth enam^ to the teeth, while the inner snrface 
of the lower true molars is concave, and in its upper half is divided into two 
eqaal portions by a median vertical ridge, totally wanting in 0, sivalensis,^ 
and the existing camels. The specimens in the British Museum which can be 
referred to the neW species are a maxilla. No. 15347 ; a young cranium, 
No. 40662 (" h\ A. S.," pi. LXXX VI, fig. 2) ; part of a mandible, No. 16165 
(" F. A. S.," pi. LXXXVII, fig. 5) ; another fragment of the mandible. No. 
40568; and the greater part of a right ramus, No. 39599, with the teeth 
broken. At least one fragment of a mandible in the Indian Museum belongs to 
the same species. 

I may also observe that both species of Siwalik camels are characterized by 
having the vertical ridge at the antero-external angle of the lower true molars 
which occurs in Auchenia but is absent in the existing camels. Both fossil species 
have the adult dentition numerically the same as in the existing ones ; but at 
least onef of them is distinguished by having the full complement of milk-molars 
in both jaws, vtz., M. M. ^. The cervical vertebrsB of the larger Siwalik camel are 
in some respects intermediate between those of the living camels and Auchenia, 



Some further notes on the Geology of Ohamba. By Colonbl C. A. McMahon 
F.G.S. (With a plate and map.) 
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PART I. 

DESCRIPTION OF A PORTION OF THB OHAMBA AREA PRBVIOUSLT DNDESCRIBBD. 

In detailing some observations in the field made during the autumns of 1883 
1884 I think the most convenient plan will be to note them in the order of the 
places visited. 

I proceeded in a northerly direction from Dalhousie to Bhale (Balai) and 
Manjir (Manjere), and thence to Bhindal (Baundal). This section has already 
been described m a previous paper, and only a few additional observations will 
now be made. 

» In the ' PalfiBontologia Indica/ 8*^. X, Vol. I, p. 61 (43), I gave these points as being 
characteristic of the molars of C. tivalentis, not being then able to notice the difference from 
typical specimens in those I had before me. 
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There is a superficial appearance of bedding in the outcrop of the *' outer 
band ** of gneissose granite, but I think it is only due to irregular jointing. The 
joints that run in the direction of pseudo-foliation are not continuous, but die out 
or run into each other. 

Along the southern margin of the inner band of gneissose-granite the slates 
in conta.ct with it are indurated, and I noted a small vein of granite intrusive in 
the slates near the swing bridge ('' jhula ") under Bhale. 

On the northern margin of this outcrop of the gneissose granite, I observed 
some mica schists next the granite, but an examination of thin slices under the 
microscope has satisfied me that they belong to the margin of the granite itself. 
I can discover no essential difEerence, save in macroscopic aspect, between these 
schists and the gneissose granite. There is nothing surprising in the fact that 
the margin of the intruded sheet in contact with the slates should have assumed 
a specially schistose aspect. 

In a previous paper I described the narrow outcrop of the gneissose granite 
below Bhale. I have now examined several slices made from specimens taken 
from the sides, middle, and intermediate parts of the sheet, and the result is to 
confirm me in my belief in its eruptive character. No points of difference exist 
between it and the Dalhousie granite, and it reminds me in particular of slice 
No. 15, described at page 132 of my paper in Vol. XYI of the Records. These 
specimens exhibit beautiful illustrations of the sort of fluxion structure detailed 
in my description of the Dalhousie specimens. The flowing lines of crypto-orys- 
taUine mica and of microlites do not at all suggest to my mind the appearaoce 
presented by foliated metapiorphic rocks. 

The orthoclase is much cracked and crushed ; and the muscovite, which is in 
large crystals, is oriented in all directions, and appears to have been abundantly 
crumpled and compressed. 

The minerals contained in the rock are the same as those in the Dalhousie 
specimens, though the microcline is sparse. 

There are liquid cavities, with movable bubbles in the quartz, but they are 
much more abundant in the garnets, which probably crystallized at an earlier 
epoch, before the last phase of intrusion commenced. Inclusions have deposited 
mineral matter on cooling, and gas pores are associated with granular mineral 
matter. 

The slates between the inner and outer bands of gneissose granite, in this 
section, are very micaceous, and at Bhale they are decided mica schists. 

Between the northern boundary of the inner band of gneissose granite and 
Manjir, the succession appears to be as follows — micaceous slates ; mica schists ; 
slates ; micaceous slates ; slates ; micaceous slates ; slates. 

I think in this section the Simla slates are folded up with older silurian beds 
in compressed isoclinal flexures. The decided mica schists are probably beds 
near the bottom of the series. 

Just before the descent to the river Siul commences in the neighbourhood of 
BaJori, I observed river conglomerate at an elevation of 3,320 feet above the 
sea, being over 800 feet, by my aneroid barometer, above the Siul. In the 
neighbourhood of Bildspur, the capital of a Native State, south-west of Simla, 
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I found river conglomerate^ on an isolated hill, round whicli tlie Ratlej flows, 
980 feet above that river, and in my ^^ Notes of a tour through Hangrang and 
Spiti '* * I mentioned the occurrence of river boulders at the top of the Chandan 
Ndmo pass at an elevation of 12,340 feet %bove the sea, and about 2,400 feet 
above the present bed of the Spiti river. The explanation I offered, in the 
latter case, was that the Spiti river was formerly as high as the top of the 
Chandan N&mo pass, but I now see that this explanation was incorrect. Whilst 
the Himalayan rivers were slowly deepening their channels and excavating the 
valleys through which they flow, the mountains themselves, there is reason to 
believe, were slowly rising at a rate probably equal to that of sub-aerial erosion. 
In the case of the river Siul, therefore, though it has undoubtedly cut its way 
through 800 feet of solid rock, there is no necessity for assuming that the river 
ever actually flowed at the elevation at which the boulder bed now rests. 

I always thought that the elevation theory was necessary to explain the pre- 
sent position of the Satlej boulder beds in the neighbourhood of Bil&spur, but I 
now see that it is applicable to boulder beds generally throughout the Himalayas. 

The fact that the Himalayas have been slowly rising ' whilst the rivers have 
been deepening their channels, explains, I think, why the Himalayan valleys 
are generally so steep and V-shaped. 

The cause of the rising of the Himalayan area, which is probably still slowly 
going on, is discussed at length in the Bevd. O. Fisher's Physics of the Earth's 
Crust. 

Whether, however, the elevation of the Himalayas in most recent geological 
times is due chiefly to the flotation tendency assigned by Mr. Fisher, or to tan- 
gential pressure acting on an area losing weight from sub-aerial erosion, is a 
subject foreign to the scope of this paper. I am only concerned with the fact of 
elevation. 

Geological observations to support the view that the Himalayas have risen in 
recent geological times, are not wanting ; for instance, the *' remains of BJii/noceros 
and other large mammals occur at an elevation of 15,000 feet in Tibet, and it is 
not probable that these animals lived in so elevated a region " (Manual of the 
Geology of India, p. 686). 

From Bhdndal I followed the Siul river as far as Sangni, and then turned 
up the valley leading to the high ridge between the Talai and Paterun * trigono- 
metrical stations. 

The valley is at first narrow, and the scenery all the way up it is extremely 
pretty. The foot-path runs for some distance along the banks of a roaring 
torrent through woods of hazel and horse chestnut ; and then, mounting higher, 
passes along sloping pasture lands ; and finally plunges into the dark shade of a 

^ The top conglomerate contained Satlej stones only, snch as white qnarts schist from Bnm- 
pur, gneiasose granite, pnrplo and red quartzite from the upper Satlej or Spiti, and black basaltic- 
looking trap. 

* Records, XII, p. 66. 

» Physics of the Earth's Crnst, p. 81. 

* Not marked on the map which accompanies this paper. Fatemn is the peak between Tala 
and Dunrat stations. 

B 
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pine forest, in whicli the holly oak, stunted and weather beaten, seems to have a 
hard struggle for existence. Higher up, the forests cease, and a dwarf rhodo- 
dendron is the only tree that hears the cold of that high elevation, though manj 
flowers brighten the grassy slopes. 

Among them a wild poppy of delicate purple blue merging into white is noi 
the least beautiful ; whilst a yellow flower, greatly resembling the English butter- 
cup, reminds one of the home so far away. I have not observed the poppy at a 
lower elevation than about 11,000 feet. 

Wild rhuburb abounds at the head of this valley. An officer of Artillery, on 
a shooting tour, whom 1 found encamped at Ghamkol,^ told me that he used the 
rhuburb almost daily for tarts and found it good and wholesome. My friend, 
however, seemed somewhat bold in his gastronomical experiments, for I found 
that he was in the habit of putting many species of tree fungi under contribution 
for the table. The natives of these parts told ihun that all the fungi that grow 
on oak are wholesome, but that those that grow on pine trees are to be avoided. 
He induced me to try a slice of a huge yellow oak fungus. It had a faint sus* 
picion of mushroom flavour in it, and was not unpalatable. On opening my eyes 
next morning I was thankful to find myself still in the land ol the living. 

After leaving Sangni the silurian conglomerate continued up to where the 
second affluent joins the main stream from the north-east. I saw numerous out- 
crops in situ as well as blocks of it. The dip was north-east, nearly vertical, with 
an occasional reverse dip. Subsequently the dip became more moderate. 

As in other sections described, the conglomerate is not uniformly conglomeri- 
tic, but includes slaty bands. The conglomerate is succeeded by dark slates, 
some of which have a dark streak, and doubtless belong to the infra- Krol series. 

Higher up the valley the dip became south-west and south-south-west, but 
finally reverted to north-east. On my way I came upon boulders of conglomerate, 
and near my encampment, at a place called Qhamkol, at the head of the valley 
(elevation 10,630 feet), and near the boundary of the trap, there are some thin 
beds of pale blue limestone. Above these beds, and between them and the trap, 
I came on conglomerate in situ. 

At the very head of the Sangni valley, a long spur will be observed, on the 
map, running down from the water parting of the BhadarwAr (Badrawir) and 
Chamba territories, and dividing the head waters of the valley into two streams 
of about equal size. The trap comes in where this spur joins the main ridge, or 
water parting ; it dominates the crest of the ridge for some distance and then 
strikes down in a broad band and joins the outcrop described in a previous paper 
between Tiloga and Dihur (Duire). 

All along the north-eastern boundary of the trap down to Dihur the silurian 
conglomerate is in contact with the trap. The Paterun station > peak (elevation 
12,260 feet by my barometer) is on the conglomerate. The trap just skirts the 

' Not marked on tlie map. It is jaat nnder the crest of the ridge dividing Bhadaw^r from 
Cbamba close to the oatcrop of the trap. 

* This is not marked on tlie mi^ that accompanies this paper. It is the peak south-west of 
the Dnnrat station at the point where the ridge strikes in a north-westerly direction to the Talw 
station. 
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edge of the ridge and keeps on the south-west side of its crest until the spurs 
running up from Bh^dal meet the main ridge and culminate in a peak 11,755 
feet high, where the trap rises to the crest of the ridge and forms the rock along 
its summit for some miles. 

The trap along this ridge is very much jointed, the principal joints being 
transverse to the strike ; and it affords instructive illustrations of the power of 
frost in combination with jointing to break up rocks. The very crest of the 
narrow ridge, which runs at a tolerably uniform elevation for some distance, is 
formed of a mass of sharp angular blocks of trap piled up one upon another, four, 
or five, or more deep, in the manner of a moraine, with deep holes gaping between 
them. A sharp shock of an earthquake, on my return to my tents, supplied a 
hint that seismic disturbances ought not, perhaps, to be altogether left out of 
view in accounting for the piling up of large blocks of rocks one upon another in 
the manner described. 

The route I followed took me along the south-west boundary of the trap from 
the head of the Sangni valley as far as the spur running down to Dig^. 

It is a fine country, but as my tents were often pitched at an elevation of 
more than 10,000 feet above the sea, I found it cold at night, and two days after 
I descended to a lower level, my late camping grounds were white with snow. 

The ridge at the head of the Sangni valley commands a fine view of a range 
of snowy peaks rising to over 21,000 feet in height, whilst my camp was usually 
pitched on grassy slopes, abounding in flowers, just above the limits of the dark 
pine forests that clothe the mountain sides lower down. 

Bears, red and black, and Bara Singha (Oervus cashmirianus) allied to the 
red stag of Europe, and Tahr (HemUragus jemlaicus) are pretty numerous, and I 
often saw their recent foot-prints, but not the animals themselves. During the 
summer months these grassy slopes support large herds of buffalos and sheep 
which are driven down into Uie plains of the Punjab when the cold season begins 
to set in. Sportsmen have a poor chance of a bag until these herds have 
departed. 

Along the south-west boundary of the trap the rock in contact with it appears 
to be the silurian conglomerate. No reliance is to be placed on blocks as they 
might be derived from the outcrop on the other side of the trap, but I believe I 
saw the conglomerate in situ in two instances. The dip is usually north-east, but 
occasionally changes to the west. 

The trap along the outcrop, described in the preceding pages, here and there 
passes into a porphyritic variety. It is a hard, dense, compact rock, ranging 
from a dark purple-grey to a dark greenish-grey colour. Numerous crystals of 
felspar are porphyritically imbedded in the dark base. Further remarks regard- 
ing the microscopic character of the trap will be found in Part II. 

My return route to the Siul was along the spur which runs down from the 
main ridge to Digi. 

The slates dipped fcom north-east-by-north to north-north-ea^t, very high, and 
with an occasional reverse dip. They were of silurian type and not visibly con- 
glomeritic, but as the outcrops were mostly the up-turned edges of the strata, 
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opportunities of judging of their conglomeritic character were bad, for the pebbles 
are seen for the most part when the splitting surfaces of the rock are exposed. 

About 600 or 700 feet above Digi I came upon a narrow calcareous band, 
the beds being earthy to slaty. 

I have now made three traverses west of the outcrop of the carbo-triassic 
series seen typically below Dihur, viz., up the Sangni valley, down the Digi 
spur, and from Himgiri to Digi ; and in none of them did I come across any 
thing like the carbo-triassic limestones. The calcareous band above Digi, and 
the thin bed of limestone near Ghamkol, probably belong to the Blaini or to 
the infra- Krol horizon. 

The carbo-triassic limestones extend very little to the west of Duta. Infa- 
Krol slates and the black crush rock are seen at and near the bridge over the 
Siul below Kotta. A thin band of these rocks may extend up the river as far 
as Pal, and some of them are doubtless implicated in the isoclinal folds between 
the outcrop of the trap and Bhandal, but the carbo-triassic limestones west of 
Duta have either been squeezed out in the plications in which the silurian series 
have been involved, or the area of deposition terminated at Duta. 

Another point brought out by the field observations detailed above, is that the 
outcrop of the conglomerate on the south of the trap is as broad as that already 
mapped on the north of it. South of Manjir some of the streams running down 
from the north-west into the Siul contain blocks of conglomerate, showing that 
this formation is wide enough, south of Dihur, to overtop the crest of the ridge 
between Ain and G^utaun. 

From Manjir I crossed the Siul and proceeded along the spur which cul- 
minates in the Dwaut trigonometriaJ station, and then made for the head of 
the valley under the Rundhar station. 

Simla slates dominate along the crest of the ridge, but the conglomerates 
come in about half way down the north-eastern side of the ridge above the village 
of Mahdeb * (not marked on the map) . The bed of the stream contains numerous 
boulders of typical conglomerate. The dip varied from south-south-west to a 
little east of north-east along the ridge, but in the valley under Rundhar from 
east-north-east to north-east-by-east. 

The trap crops out under the village of BhOlu (not marked on the map), and 
is here about 100 yards wide. It is succeeded by the carbo-triassic series 
which is here in great force and very typically developed. The rocks in 
immediate contact with the trap are very micaceous carbonaceous slates ; then 
follow dark-blue unaltered limestones ; these are succeeded by very micaceous 
ates ; thin bedded unaltered limestones occur next and then micaceous slates 
ollowed by limestones. 

These mica slates deserve, I think, some notice. Their micaceous character 
is clearly not due to contact metamorphism,* for those at a distance from the 
trap, and intercalated between unaltered dark-blue carbonaceous limestones, are 

1 A local corraption donbtleBs of M^bideo. 

« The trap according to my view is nn ancient l«?n and older than the carbo-triaMic aeries, so 
thnt beds of the latter cannot possibly have been metamorphosed by the trap. 
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as micaceous as those in contact with the trap. These micaceous slates — arnica 
schists they might well be called — suggest, I think, the conclusion, that the meta- 
morphism of the type which consists in the formation of hydro-micas — or micas 
of the species usually developed in slaty rocks — may be brought about by aqueous 
or hydro- thermal agencies, accompanied by a very moderate amount of heat. Here 
we have highly micaceous slates intercalated with dark carbonaceous limestones 
that give no trace of haying been subjected to heat. 

The outcrop of the trap in this region runs with the southern boundary of 
the carbo-triassic series. In the north-westerly direction .the trap evidently 
extends beyond Bailaum to near Sanaira, for the stream that flows under that 
village into the Siul contains boulders of it. No outcrop of it is to be seen on 
the Kalel road or between Manjir and Dihur. 

In its south-easterly extension, the trap runs past Chanena (not marked on 
the map) ; and crossing the ridge west of Hulh (Hul), makes for Kail and Dila. 
It tops the ridge east of Hulh above the village of Dhar, and then striking 
for Amraili crosses the Sao valley about three-quarters of a mile north of Sao. 
The outcrop is hei*e about 200 to 260 yards wide. 

The carbo-triassic series continues in contact with the trap across the Hulh 
and Sao valleys. In ascending the latter valley the last of the series seen 
appears to be a massive grey quartzite. The dip is north-east-by-north. 

The carbo-triassic series is succeeded by a very fine-grained massive silici- 
ous rock of grey colour that gradually passes into massive slates. Some of the 
former weather brown and some greenish, and they have superficially a trappean 
aspect ; they are also extremely tough and hard to break. 

I explored the Sao valley for some distance beyond Lolaya in the direction 
of the glaciers at its head and then returned to Sao. The next day I proceeded 
up one of the side valleys in order to cross the high range that divides it from 
the Chanju valley. The first march took me to Sarrah (elevation 7,140 feet), 
a village not marked on the map. Dip perpendicular. The next day's march 
was rather a severe one, but fortunately I engaged ten extra coolies for my 
things; had I not done so I should not have seen any of them by nightfall. 
First we had a stifE ascent to the summit (11,525 feet above the sea), and then 
a walk for some miles along the ridge. No suitable place for an encampment 
presented itself, as the nearest water was about 700 or 800 feet below us, and 
firewood was almost as distant. We pushed on down a precipitous descent for 
some Gujar huts about 3,000 feet below, which we reached about 5 in the 
afternoon. The spot was indeed a lovely one — a grassy glade in a pine forest 
with the peaks and glaciers of Kailu and Kalka well in view ; but alas the Gujars 
with their herds had left the spot, the streams had dried up, and no drinking 
water was to be had within a radius of IJ miles. There was nothing for it but 
to push on for the nearest village, Sundri (Sunder), 3 miles further down 
the mountain, which I reached at dusk after walking for 11 hours, climbing 
4,385 and^ descending 4,525 feet. 

The first thing to be done was to send back men with torches for the coolies, 
who finally arrived without serious accident, my crockery only coming to grief by 
the way. 
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The march, though long, was a delightful one. From the crest of the ridge, 
the Kailu (18,639 feet in elevation) and its twin peak Kalka with the glacier 
between them, 8 miles distant as the crow flies, formed a beautiful subject 
for a picture. A snow-storm was going on in the back ground ; the warm sun 
gilded the rich red and brown autumnal tints of the foreground ; whilst checkered 
and ever changing lights and shadows were plajing over the forests and 
the grassy slopes of the middle distance. The clouds tipped the peaks and 
cast their deep shadows over most of the snowy masses around; whilst the sun, 
bathing the glacier of Kailu in light, made it, by its contrast with the gloomy 
masses by its side, look like the portal of a heavenly world beyond. 

At the village of Sundri there was not a square foot of available level ground, 
all the terraces being under crops, and so I had to pitch my tents on the flat roof 
of a house. The process of washing my face and hands in the morning was a 
source of great delight to a group of village maidens, who in these mountain 
villages seem wholly unacquainted with the cleansing properties of soap and 
water. 

Between Sao and Sundri (Sunder) I saw nothing of the conglomerate ; on 
crossing the stream under Chdnju, however, I came on blocks of it, and encoun- 
tered them in nine different places between that and Bagai. These blocks were 
not in situ, but they appeared to be fragments of the local rock with which the 
matrix of the conglomerate quite corresponded. The dip was at one time south 
but afterwards reverted to the normal direction. Below Bagai, on the left or 
south bank of the river, I found the conglomerate in situ twice. 

From Kalel the conglomerate appears to strike nearly due east for Bagai and 
to continue thence towards the Chara Pass, where I am told that it occurs by 
Dr. Hutchinson of Chamba. 

In the course of the plications in which the Chamba rocks have been involved, 
Silurian rocks, lower in the scale than the conglomerates, appear to have been 
brought in between the latter and the carbo-triassic series, which in the Manjir- 
Kalel section is in contact with the conglomerates on both sides. 

The dip between Bagai and Jasaor is about south-south-west. 

On the Ealel and Balore road, on both banks of the river that flows between 
Daund and Balore, I came upon numerous blocks of the conglomerate (they are 
very abundant in the bed of the stream) ; and though, owing probably to the 
abundance of vegetation, I did not find any actually in situ on the ascent to 
Masrund,^ I doubt not that the conglomerates, which are visible in situ in 
numerous places round Manjir, and which we have seen in the preceding pages, 
are abundant along the head of the Bailaum valley, are continuous between the 
two places. 

During the summer of 1884 of&cial duties led me to Simla, and I was unable 
to carry out a projected tour in Pangi ; Dr. Hutchison, of the Chamba Mission, 
however, kindly undertook to make observations for me, and in particular to 
mark the boundaries of the silurian conglomerate. His notes are given fur- 
ther on. 

1 A halting place not marked on the map. 
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On mj return from Simla I was able to make a abort toar up the Kdli Obo I 

(Kali Cbu) valley, in November, and I now proceed to give the results. Our I 

party consisted of Dr. Hutchison, my wife, and myself. We proceeded eastwards i 

from Cbamba up the Bavi to a point opposite Basu, when we turned northwards 

and journeyed via Cfuh up the Belij (Bailj) valley as far as Kanaiter. A very I 

stiff climb of 5,200 feet from our encamping ground in the bed o^ the stream, ! 

under Bulote, took us to the top of the Kanaiter pass, which we crossed at an ] 

elevation of 10,125 feet. 

The hill sides were white with snow and the tracks of bears, probably the red 
bear, were rather numerous. Our route lay just under the Thala station, and 
we crossed the second ridge running down between Oure and Thala (ThaJe) at 
a high elevation. We encamped at the Dul,^ a level plot of land that must once 
have been a mountain tarn, just above the junction of the stream flowing from the 
Silpiri station and the highest stream running into it from the north-east. 

The march was a somewhat trying one, and though we started pearly our 
coolies did not get in until long after nightfall. About dinner time the sad news 
was broken to us that all our crockery had been left behind at the top of the 
pass ; that the coolie carrying the load had given himself up for lost, and hsA sat 
dowil to cry ; and, that as he was deaf and dumb, the eloquence of our servants 
had been exerted on him in vain. 

Parties with a lantern and torches were sent back to aid those behind, and 
finally all our men arrived without accident. 

The Dul we found to be interesting from a geological point of view : it is evi- 
dently a dried up tarn, and the mode in which it was formed is not far to seek. 
The bed of the dul is bounded on the south by what appears to be an old 
moraine. It rises abruptly from the bottom of the dul to the height of about 
60 feet, and on the outer side, descends at a high angle to a considerable depth 
into the ravine below. This bund runs in a straight line at right angles to 
the course of the stream, which has cut a narrow channel through it, at one 
side of the little valley, at its junction with the solid rocks. The bund is appa- 
rently formed of angular blocks of rock ; there is nothing in the conformation 
of the hill sides around to suggest the possibility of a land sUp, and a careful 
inspection of the locality convinced Dr. Hutchison and myself that the bund 
is an old terminal moraine, and that the ancient tarn was formed by the shrink- 
ing of a glacier that has long since disappeared. The elevation of the Dul, 
measured by my aneroid, is 7,825 feet above the sea. 

Our onward route was vid Guar and Tanda to Ghalaur, and thence through 
Manda and Bani along the right bank of the stream until we came abreast of 
Badra, when we crossed to the opposite side. 

The last 3 or 4 miles of this march illustrates well the general character 
of the roads traversed during the whole of this tour and the kind of walking 
that the Himalayan geologists must be prepared to encounter. Our route lay 
along the precipitous sides of the mountain ; the path was not more than 9 
inches wide ; a fringe of grass along the edge seemed to invite the foot but gave 

^ On the accompanying map the Dal is jost helow the of the elevation of the Thala station 
12,208 feet). 
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way the moment it was trodden on. A fall would inevitably be fatal, for there 
was neither tree nor bush to save you, and the mountain side sloped down to the 
river, some 1,500 feet below, at so high an angle, and was clothed with grass so 
slippery, that nothing could have saved a man once in motion downwards. 

This was varied every now and then by rook work along precipices where you 
needed to use your hands, as well as your feet, and to be clever in prospecting 
your way. 

The trying part of the march, however, came as a bonne houche at its end. 
The torrent under Budra has cut a deep narrow gorge through the mountain ; 
descent to the water's edge was impossible, and the only way to cross the stream was 
by a frail bridge stretched from rock to rock some 150 or 200 feet above the 
roaring torrent below. The bridge was formed of three poles about 30 yards in 
length, and across them small roughly hewn planks were fastened with twigs 
forming a roadway 'of about a yard in width. A plank was dangling by one end 
over the chasm below, leaving a gap in the roadway, and suggesting painful 
doubts regarding the stability of the rest of the structure. The bridge had neither 
railing nor hand ropes. 

There was nothing to be done but to face the bridge, and so I mounted the 
pile of stones that kept the poles at one end in their places and started. I must 
confess that when I neared the centre my heart failed me, and I felt horridly 
tempted to turn back, but a moment's reflection convinced me that if I attempted 
to do so I should probably topple over, and so I strode onwards with hastened 
step and cleared the bridge with great thankfulness. 

Now came my wife's tum« My guide doubted her being able to retain her 
presence of mind, and wanted to bandage her eyes and carry her over on his back, 
but she disdained to accept this mode of progression and walked over with steady 
and unfaltering step. 

I was not surprised to And that one of the laden hillmen who arrived whilst 
T was resting at the bridge was unable to face it, and a man with a better head 
was obliged to cross over and relieve him of his load. 

From Budra we proceeded up the stream as far as Luindi, a hamlet of three 
huts, the highest inhabited place in the valley. The season was too late to 
proceed any further, and there was no object in our doing so, for an inspection of 
the boulders in the bed of the stream, flowing down &om the Kali Cho, showed 
that no new rocks come in between Luindi and the crest of the pass. 

Our return route was along the left bank of the stream ma Baragrao and 
Tatahu to Kani, on the right bank of the Ravi, and thence to Aulansa (Hulans). 
On a previous occasion^ I proceeded from Aulansa to Ghamba tna Kote, but on 
this occasion we struck down to a new road in progress of construction along the 
bed of the Ravi, as that gave good exposures of the rooks. 

From Bakaun I went up the stream running to the west of the Basu station 
and marked the boundary of the outcrop of gneissose granite there. In this 
region it is a porphyritic and perfectly granitic rock. 

Having described my route, the rocks seen by the way can now be noted. 
The conglomerates crop out under Guh (north of Basu) and continue typically 

1 Records, XVI, 38. 
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developed to the point noted on the map. They dip nnder limestones that 
remind me somewhat of the Blaini rocks, and which, like them, effervesce slowly 
with acids. The outcrop is about 100 yards thick, and it is followed by slates, 
some of which are rather dark. Limestones succeed at the stream to the south of 
Puger. These effervesce freely with acids. From this point up to the head of the 
valley the rocks are Silurians, viz,, what appear to be Simla slates and fine-grained 
sOicious beds, many of the latter being superficially of trappoidal aspect similar 
to those north of Sao. 

In this section the lower silurians are nowhere reached. The apparent thick- 
ness of these beds is very great, but the rooks are, I think, repeated by flexures. 

On the homeward journey we carried these silurians with us all the way to 
Kani. Just below this village the carbo-triassics come in. On the descent to the 
Bavi we noted five outcrops of them intercalated with slates ; the first outcrop 
being about 800 yards in thickness. The limestones here are very earthy, and for 
the most part so shaly in appearance that the hammer and acid bottle had to be 
in constant use. A casual traveller might easily overlook these outcrops altogether. 

The limestones are succeeded by the conglomerate; the limestone in actual 
contact with the latter weathers brown and effervesces slowly with acids, remind- 
ing one in both respects of the Blaini magnesian limestone. 

The outcrops of the conglomerate between Aulansa and Ghitrali (Ghitrahi), 
along the Koti road, have been described in a former paper. Descending to the 
Bavi, I noted an outcrop of trap in the slates near the border of the conglo- 
merate. It is only about six yuds wide, but it appears to be interbedded with 
the slates, and to be on the same horizon as the Sao trap. 

The conglomerates exposed on the new road are, as usual, not continuously 
conglomeritic, but they are seen typically developed on both margins and at least 
one other intermediate place. The total apparent thickness of the series is very 
great, and one must either suppose that the period during which the conglomerates 
were laid down was of great duration, and that the conglomeritic period recurred 
more than once, at long intervals, under conditions precisely similar to those of 
the first deposition; and that the rocks under denudation and the mode of 
deposition were identically the same on each recurrence of the conglomeritic 
period ; or we must suppose that the thickness of the conglomeritic series is 
apparent only, and that the conglomerates are repeated by folding and flexures. 

The latter supposition is the one I have adopted. The section along the river 
presents much to support this view. Dark slates, which are probably infra-Krol, 
are, I think, folded up with the Cimglomerate, whilst a very peculiar rock is un- 
doubtedly reproduced. This is a very white rock which at first sight seems to be 
calcareous, but it refused to effervesce with acids. 

Among the beds folded up with the conglomerates is a rock with dark bands 
in it that presents some interesting and instructive examples of small local 
fitulting. 

Throughout the area embraced by my tour of November 1884, the dip of the 
strata is umformly north-easterly. From Kanaiter to Guar the dip is very high 
and in one place quite perpendicular. Opposite Budra the strata on the top 
of the mountain present to view a flat wavy synclinal flexure, whilst the beds 

c 
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below are in some places almost perpendicular, and in others crumpled into sharp 
folds like the capital letter M. At first sight one might suppose that the strata 
on the top of the mountain opposite Budra rested unconformablj on the perpendi- 
cular and contorted rocks below, but I feel sure that this appearance is only the 
result of the great lateral pressure to which the rocks have been subjected, and is 
to be explained in the way suggested in my first paper (Records X, pp. 208, 209). 
The present contour of the mountains having been determined before the last 
Himalayan disturbances took place, the strata in the direct line of the squeeze 
naturally sufPered more than the strata above that line. 

The explanation which I have given in Part III of this paper of the section 
through Hulh (Hul) applies, I think, to the stratigraphy of the Belij and Kdli Cho 
valleys, the only difference being that the Silurians in their south-easterly exten- 
sion have been involved in more flexures than those in the Sao section — their 
apparent thickening being due to this cause ; and the Simla slates have been 
in the Belij section introduced next the carbo-triassic series, and are probably 
repeated further north. 

The following notes on the geology of the Pangi valley south of Kilar have 
been written for me by Dr. Hutchison, and contain the results of his observa- 
tions this year : — 

" As far 88 the village of Haile,> the sihirians conttnae with a low south- weftt aip, and beyond 
this a north-east dip sets in. About 3 miles north of Halle, where the second nallah from the north 
joins the main ice stream, the micaceous schistose beds give place to the Blaini conglomerate with 
white and grey qnarte pebbles, which however did not seem to be very nnmerons. A little farther 
north the rocks are coloured with iron oxide, bat they seemed to be of the same chnrncter as the 
conglomerates. Proceeding towards the Cheiii (Chaia) pass the conglomerate rocks still continu- 
ed, and were in places well marked ; and the main ice stream contained numerous boulders of a con- 
glomeritic character. About 2 miles from the top of the pass these rocks began to be mixed up 
with rocks of a slaty appearance and non^onglomeritic ; and the top w«w composed of slates of 
much the name appearance and character as the coarse slates used for roofing. The dip from 
Huile to the summit was north-eiist at a low angle, getting higher and higher near the top ; and a 
mile to the north of it the strata became quite perpendicular, and continued so till the Chandra 
Bagha river was neared when a high south-west dip set in. About half-way below the top of the 
pass, and the junction of the ice stream with the Chandra Bagha, there is a very well marked out- 
crop of conglomerate about half a mile or so in thickness. The rocks between the top of the 
pass and this outcrop did not seem conglomeritic, but I suppose they must be regsrded as be- 
L.nging to the conglomerate aeries. Noi-th of this point the rocks seemed Silurian— micaceous and 
quartzose schists and slates. 

From near Kilar to a point one mile south of the Mocha stream the rocks are silurians with a 
south-west dip. South of this there are two very narrow bands of a pale blue sub-crysUUine 
Umestone, each 9 or 10 feet thick. Succeeding these is a well-marked outcrop of conglomerates 
which continue to a point opposite the village of Phinphar. Throughout a considerable portion 
of this distance the road is partly cut out of the solid rock and partly supported on crowbars fixed 
horiaontally into the face of the perpendicular cliff. The matrix of the conglomerate is micaceous 
schist, and the contained boulders are chiefly of white quartz, some of them as much as 9 
inches in their long diameter. These rocks are succeeded by silurians with a south-west dip getting 
higher and higher till the strata become perpendicular to the south of the Cheni stream and 
opposite the village of Kalaul; and they continue so as far as the village of Sugwas. Here a 
band of limestone comes in, 140 feet in thickness, of a dark colour, soft and friable. Next come 
slaty rocks for half a mile or so, and then another band of Umestone, snb-crystalline in texture, 

Halle \9 ou the north side of the CUeui (ChHia) pass uor'h of Debi Koti. 



Digitized by 



Google 



PAUT 2.] McMahom : further notes on tie Geology (?/*Chamba. 91 

ami alio about 140 feet thick. This in followed by welUmarked oonglomeratea, fall of pebbles 
which coatinne nearly as far as the point where the river bends round to the south. The dip 
opposite Sugwas is still vertical, but befirinning to incline to the north-east, and this inclination 
becomes more marked as the southern border of the conglomerate is neared. Next come micaceous 
and quartzose rocks with a moderate north-east dip till after crossing the stream coming down 
from the peak marked ^ snowy peak black cone 17,146 feet** and half way between that stream and 
the one to the south of it the conglomerates come in again and continue till the stream from the 
Drati pass is seared. The rocks abound in pebbles of white and grey quartz, and the rocks on the 
other side of the river are seen to be also eonglomeritic and weathering a very black coloar near 
the margin of the water. In the bed of the Drati stream the rocks are greenish in colour and 
not eonglomeritic ; they look like middle Silurians. These continue with a moderate north-east 
dip to within a short distance of the large stream which joins the Chandra Baghafrom the south— 
midway between Tindi and Silgrapn, Here well-marked conglomerates come in again with pebbles 
of white and grey quartzite and granitoid gneiss, the latter becoming more numerous near Silgraon 
encamping ground. They have a north-east dip and continue to within a mile of the point 
marked *' bridge " on the map. Immediately above the bridge and on the left bank of the river are 
seen (from the opposite side) several large blocks of quartzite from 2 to 3 feet long and 8 or 9 
inches thick embedded in the slates beyond the border of the conglomerate. 

These silurian slates continue on into Lahool, the dip becoming perpendicular between 
Silgraon and Margraon and inclining over to the south-west beyond Triloknath. In the stream 
to the sooth of that place, there are many large and typical boulders of conglomerate, but I 
nowhere saw the rock in situ. 

On my return jonmey I crossed the Drati Pass, but found no rock which appeared to me 
eonglomeritic till I came within a mile of Chanju. The Chara Pass is I know composed of 
conglomerate which seemed to me, when I crossed it two years ago, to extend continuously from 
half way down the northern side of the pass to the vilUge of Bagai (Baghi) below Chanju." 

I have marked the outcrops of conglomerate noted by Dr. Hutchison on mj 
map in consultation with him, and these outcrops I have connected with those 
observed bj me on the north-east side of the Sach Pass, and on the western side 
of the snowy chain. 

Dr. Hutchison believes that the outcrop at Phinphar (the most northern 
outcrop marked on the map, a little to the south of Kilar) is continuous with 
that which crops out on the north-east side of the Sach Pass. The latter out- 
crop, he believes, splits into two arms— one curving round to Phinphar, and the 
other joining hands with the outcrop at Sugwas. The latter supposition does 
not seem open to any doubt, as the conglomerate has been seen in situ by Dr. 
Hutchison on both sides of the Cheni (Ohaia) Pass, and its boundaries on both 
sides of that pass have been carefully noted. 

It is not improbable that the outcrop on the north-east side of the Sach Pass 
splits up in the manner suggested. The apparent thickness of the conglomerates 
I have all along supposed to be owing to flexions ; and to older, and probably at 
times younger, slates having been caught up in their folds. The splitting up 
then of the Sach conglomerate into two arms seems to be only a reproduction of 
the conditions of the Hulh (Hul) section, where a great thickness of silurian 
slaty rocks have, in the manner explained in Part III, been inserted between the 
Sao and Bagai outcrop of the conglomerate. 

The Phinphar outcrop of the conglomerate apparently curves round to the 
north-east, for Dr. Hutchison tells me that he found nnmerous boulders of Uiis 
rock as well as limestone near the village of Banu up the Hanan ndla, which 
runs into the Chandra Bhaga at Kilar. 
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Dr. Hnichison is also of opinion that the Sngwas and Solgraon outcrops are 
continuonB (which was also the view taken by Mr. Lydekker), and that the out- 
crops observed by him (Dr. Hutchison) on both sides of the Ghara Pass runs 
into it. 

The Salgraon outcrop apparently curves round and runs along the northern 
side of the Kali Gho, for Dr. Hutchison observed numerous boulders of it in the 
stream flowing down from the Gheroh snowy cone into the Ghandra Bh^iga at 
Trilokn&th ; whilst we saw none in the bed of the stream at Luindi on the south- 
em side of that mountain. 

The slates associated with the upper silurian conglomerate in the parts of 
P^ngi embraced by Dr. Hutchison's paper are probably middle Silurians consider- 
ably altered by the proximity of granite. 

It is interesting to note that, as in the Simla area, the conglomerates are rare- 
ly far separated from limestones ; those immediately in contact with them present- 
ing points of resemblance to the Blaini rock. 

I have not coloured the limestone outcrops noted by Dr. Hutchison on my map, 
because the doubt remains whether they are of upper silurian age, or whether 
they also embrace some of the carboniferous limestones. This doubt was also 
felt by Mr. Lydekker with reference to the limestones observed by him in the 
region embraced by Dr. Hutchison's paper. 

In the typical Simla area a thick band of infra-Krol (carboniferous) slates 
intervene between the Blaini (upper silurian) limestones and the oarbo-triassic 
(Krol) series ; but these carbonaceous slates seem to be sometimes absent in the 
Ohamba area. 

In view of this difficulty, and in the absence of fossils, I have thought it best 
not to give the limestones of P&ngi, noted by Dr. Hutchison, a distinctive colour 
on my map. 

Oonchmon. 

The result of the tours detailed in the preceding pages has been to confirm me 
in the view ejEpressed in my paper on the Geology of Dalhousie, that the trap of 
the Dalhousie-Ghamba area is of infra carboniferous age, and that in this region 
it comes in between the carbo-triassic and the silurian series. 

To the north-west of Dihur, where the carbo-triassic limestones have either 
thinned out, or, more probably, have been squeezed out in the course of the pli- 
cations in which the Ghamba area has been involved, the trap is in contact with the 
upper Silurian conglomerate along both margins ; whilst at Dihnr, and in the 
Bailaum-Sao direction, it comes in between the carbo-triassic series and the con- 
glomerate. 

The trap dies out between Dihur and Bailaum, but it will be seen on referring 
to the map that the disappearance of the trap coincides with a very sharp bend 
in the strike of the strata. The trap when it disappears in the neighbourhood of 
Dihur is in contact with the northern boundary of the carbo-tria^ic series, whilst 
when it re-appears it is in contact with the southern boundary of that series. On 
thAupposition that the trap intervenes between the upper silurian conglomerates 
and the carbo-triassic series, this may bo accounted for by the flexions in which 
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tbeee rocks have been involved. Moreover, ibe deposition of tbe lava streams of 
tbe infra-oarbonif erons volcanoes may bave been limited towards tbe west in tbe 
Dibnr area, and towards tbe east in tbe Bailaom and Sao area. Fnrtbermore, it 
is evident tbat tbe plications in wbicb tbe Gbamba rocks bave been involved 
resulted in faults, for tbe upper silurian conglomerates, wbicb are in contact witb 
tbe nortbem boundary of tbe carbo-triassic series at Dbar and Kalel, bave been 
removed to a distance from tbat boundary in tbe Hulb and Sao sections, wbat 
appear to be silurian rocks lower in tbe series tban tbe Simla states coming in 
between tbem. 

Tbe nortbem boundary of tbe carbo-triassic series in tbe Bailaum-Sao area, 
tberefore, being evidently a faulted one, tbe non-appearance of tbe trap along tbe 
nortbem boundary of tbe carbo-triassic limestones in tbat area need occasion no 
surprise. 

Tbe fact tbat tbe trap dies out between Dibur and tbe neigbbourbood of Bai- 
laum may be due eitber to faulting or to tbe fact tbat tbe Dibur and tbe Bailaum 
flows were connected witb different volcanic vents, and tbe lava flows did not 
extend into tbe area between Dibur and Bailaum. Tbis last explanation is, I 
tbinky tbe true one, and it is tbe one wbicb I bave adopted in Part III of tbis 
paper. 

Mr. Lydekker at page 241 of bis memoir on EZasbmir remarks tbat " It cannot 
be taken as certain tbat all tbe conglomerates of tbe Kasbmir valley correspond to 
tbe Blaini conglomerate, since in tbe Pir-Panjil range tbe conglomerates appear 
to occur in tbe middle of tbe slate series, and are never even wben tbe traps are 
absent in direct contact witb tbe Zansk&r rock." 

I do not venture to offer any opinion about tbe Pir-Panjil rocks, but tbe re- 
sult of my explorations detailed in tbis paper sbow tbat wbere plications and 
faults are abundant, some sections are apt to be misleading. A traveller journey- 
ing nortbwards from Hulb tbrougb Cbanju would encounter a great tbickness of 
silurian rooks on eitber side of tbe conglomerate; wbilst anotber journeying 
nortbwards along a parallel line tbrougb Kalel would find tbe conglomerate 
in junction witb tbe carbo-triassic series on botb sides of tbe outcrop of tbe 
latter. 

I bave examined under tbe microscope a slice of tbe fine-grained sandstone 
wbicb intervenes between tbe conglomerate at Cbanju and tbe carbo-triassic 
series at Hulb. It is a bigbly indurated rock composed of grains of quartz and 
felspar witb strips of muscovite in it bere and tbere. Tbe wbole of tbe interstitial 
mud bas been converted into mica, appctrently paragonite. Under tbe microscope 
tbe sandstone bas an ancient aspect, and its appearance confirms my impression 
tbat it is a silurian rock tbat occurs lower down in tbe series tban tbe Simla 
slates. 

PART II. 

THE MICROSCOPIC STBUCTUBB OF THB TBAPS DBSCBIBVD IN PART I. 

I bave already described in tbe preceding pages tbe way in wbicb trap crops 
out along two distinct lines, one to tbe nortb, and tbe otber to tbe soutb, of tbe 
carbo-triassic series. In tbe following pages I purpose giviug tbe results of tbe 
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exammation of thin slices of these traps under tlie microscope, and then to 
compare the two outcrops wiih each other, and with that in the Dalhousie area.^ 
I shall begin first with the trap to the norfch of the carbo-triassio series. 

Bidge above Bhdndal — AUered Basalts, 

No. 1, — A greenish-grey rock mottled with epidote. Sp. G. 2'86, 

M. — The groundmass consists of triclinic felspar crystals radiating in all 
directions. Augite was originally abundant, but a considerable portion of it has 
been conyeried into epidote in situ. The augite is traversed by cracks stopped 
with epidote and viridite. 

The slice contains much magnetite, or ilmenite, and some hematite and 
viridite. 

The rock is an altered basalt approximating to a diabase. No glassy base can 
be made out and the slice contains no liquid cavities. 

No. 2. — A greenish grey compact rock rather mottled in its appearance. Sp. 
G. 2-94. 

M. — Epidote abounds in this slice, but no augite can be identified with cer- 
tainty. Viridite is abundant. The felspar is in rather large crystals, many of 
which are visibly triclinic. 

The slice contains a small amygdaloidal cavity stopped with viridite, calcite, 
quartz and a white zeolite. The quartz contains a few liquid cavities with 
movable bubbles. 

I think this specimen belongs to the same class as the last, but it is a highly 
altered rock. 

Andesites, 

No. 3. — A greenish-grey compact rock. Two amygdules are visible in the 
hand specimen, composed of a white zeolite and a little epidote. Sp. G. 2*80. 

No. 4. — A greenish-grey compact rock, little red specks being visible in it, 
here and there, due to the peroxidation of the iron. This sample is very like a 
typical specimen of the Mandi and Dalhousie traps. Sp. G. 2'82. 

M. — Most of the felspar is visibly triclinic and it is grouped in the usual 
stellate manner. Crystals of epidote are here and there to be seen, and there is a 
considerable amount of viridite in irregular lake-like spaces. A green dichroio 
mineral, which appears to be hornblende, is present in minute prisms, fringing, 
or more or less connected with viridite. 

Extinction takes place at an angle from the axis of the prism which agrees 
with the angle of extinction for hornblende. 

There is a good deal of ilmenite, and possibly magnetite, present in the slice, 
besides some leucoxene, hsBmatite and ferrite. The red spots seen on the hand 
specimens are due to the two latter secondary products. 

These specimens, which appesu* to belong to the andesite group, are particu- 
larly interesting, as they seem to me to exhibit in its first stages those metamor- 
phic changes, which have, I think, converted some of the igneous rocks of the 
Satlej area into hornblende schists. 

^ Described in Records, XV, p. Si. 
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No liquid cayities are present in slices 3 and 4. 

No. 5. — ^A greenish-grey compact rock. It fuses under the blowpipe to a 
dark, almost black, magnetic bead. Sp. G. 2*79. 

M. — This is a highly felspathic variety ; it consists of congeries of felspar 
crystals, many of which are visibly triclinic^ imbedded in a glassy base. A pale 
almost colourless viridite is rather abundant. Very little epidote is present. 
The slice contains a considerable amount of magnetite and a red product of its 
alteration. This specimen is, I think, a transitional variety between the andesites 
and felsites. 

FeUites. 

Nos. 6 and 7. — Greenish-grey compact rocks. Sp, G. 2*96 and 2'80. Both 
fuse under the blowpipe to a dark, almost black, magnetic bead. 

M. — No. 6 consists of epidote in a colourless glassy-looking base, which 
remains dark when revolved between crossed nicols. 

No. 7 has none of the microscopic characters of serpentine, and it unquestion- 
ably is not that substance, but nevertheless under the microscope it looks more 
like serpentine than anything with which I can compare it. In ordinary trans- 
mitted light it appears to be composed of granular matter imbedded in a colour- 
less, or nearly colourless, base. Between crossed nicols the granular matter is 
seen to be isotropic, and the field remains dark between crossed nicols, relieved by 
stripes and irregular patches of the doubly refractive matter which polarise with 
a yellow tint. 

A little epidote and calcite are to be seen here and there ; whilst the slice 
is dappled with patches of a substance, white in reflected, and opaque in trans- 
mitted light. Neither specimen contains any trace of a basaltic mineral. 

No. 8. — The weathered surface has a slaty aspect, but when a lens is used, un- 
weathered portions present a mottled felspathic appearance. In colour the rock 
is a pale greenish-grey, Sp. G. 2*81. 

M. — The groundmass consists of a glass of very pale yellow-ochre colour in 
transmitted light. In this there are little patches and strings of colourless 
granular matter, crystalline in aspect, which remain dark when revolved under 
crossed nicols. Clear lacuna of the yellow glass are seen here and there : they 
have invariably a border of the granular matter, and patches of this product of 
divitrification penetrate into and are dappled over the lacuneo. 

Under crossed nicols the pale yellow base breaks up into a black and white, 
mottled crypto-crystalline mass, whilst here and there portions polarise with a 
yellow tint. 

The arrangement of the whole, both with and without polarised light, is 
highly suggestive of fluxion structure. 

A few specks of red ferrite are visible in the slice. 

No. 9. — ^A compact rock of reddish brown-colour mottled 4th green. Sp. 
G. 2-80. 

M. — The base is crypto-crystalline like the last specimen. In this blebs of 
quartz are sparsely distributed, and there is a considerable amount of epidote. 
Some of the latter looks much like augite in process of conversion into epidote 
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There are oraoks and veins in the slice filled with qnarto, and some of these cracks 
penetrate the epidote. 

The quartz contains liquid cavities with movable bubbles, bat they are very 
minute and require high powers to be visible. 

The magnetite has almost wholly been converted into an opaque red ferrite 
and to this change in the oxidation of the iron the red colour of the rock is duei 
the yellowish-green patches being due to the presence of epidote. 

Specimens 6 to 9 must, I think, be as classed as felaites. 

BcuaU Porphyry. 

Six hand specimens and seven thin slices of the porphyritic variety of the 
trap found on the ridge above Bhandal have been examined. 

The porphyrite is an extremely tough rock and breaks with gp»at difficulty, 
even when a heavy hammer is used. The matrix is perfectly compact, and it is 
generally of a dark bltiish-grey colour, though in some specimens it is greenish- 
groy. 

The specific gravity of the basalt porphyries ranges from 2*76 to 3*01, the 
average specific gravity being 2*89. 

Under the microscope, the groundmass, in most of the specimens, is seen to be 
of basaltic structure, and consists of minute prisms, and crystallites of felspar, 
set in a matrix of fine granular matter ; whilst in others this granular matter is 
comparatively sparse, and the g^undmass approximates, in character, more to an 
andesite or trachyte, and consists of a net work of minute, but for the most part, 
imperfectly formed crystals of felspar. 

Fluxion structure is more or less observable in all the specimens. In some 
the groundmass passes here and there into a micro-felsitic substance. 

Magnetite is abundant in all the slices, being present in micro-grains of irregu- 
lar shape. Umenite also is, or has probably been, present, as the slice is dappled 
with an opaque substance resembling leucoxene. 

Aug^te in granules appear to be sparsely present in a few specimens. 

The great majority of the porphyritic crystals, and a large number of the 
micro-prisms of felspar, are visibly triclinic. The former are much corroded, 
cracked and broken, whilst portions of the groundmass penetrate into their sub- 
stance in the form of tongues. Some of those large plagioclase fragments aro 
much bent, the planes of twinning being bent with the prism ; whilst one crystal 
is broken into fragments which have been floated to some little distance from each 
other. These porphyritic crystals clearly belong to the first epoch of consoli- 
dation. 

The slices contain rather large crystals of augite, but most of it is much 
altered, being converted into a brownish-yellow substance, or into epidote. 

One of the slices, the groundmass of which is of unusually small grain, 
abounds in what appear to have been vesicular cavities. They are nearly all 
flattened and drawn out into irregular-shaped lacunsD. They are lined round the 
edge with granular epidote and stopped with epidote, and a serpentinous-looking 
substance, of the palest yellow tint in transmitted light. 
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Some of the large felspars contain cavities filled with viridite and epidote, 
which probably represent olivine or angite crystals : others contain small patchea 
of calcite and viridite, the evident products of decomposition. 

A few cavities contain secondary quartz and a zeolite. 

In one of the slices, the magnetite, which here and there is crystallized in a 
regular manner, exhibits a tendency to assume semi-circular forms. One of these 
^ figures resembles the wheel of a cart cut in half, there being a thick semi-circular 
ring of uniform width with spokes radiating to it from a sort of nave. 

I have not detected any liquid cavities in the secondary quartz or in the 
felspar. 

This variety of the trap should, I think, be called a basalt porphyry, 

Ridqe above Tiloga. Volcanic tuffs. 

No. 17. — A greenish-grey compact rock . Sp. GF. 2*67 

„ 18. — ^A grey compact rock . . . Pp. G. 2*82 

„ 19. — A dark greenish-grey rock • . Sp. G. 2-93 

„ 20.— A grey compact rock . . . Sp. G. 2*87 

„ 21. — A greenish-grey compact rock . Sp. G. 2'70 

In No. 17 the weathered surface presents a fine-grained granular appear- 
ance, which strongly suggests the idea that the rock is a consolidated ash. In 
No. 18 the surface is so overgrown with lichen that nothing can be made out ; 
but in No. 19 the granular character is somewhat doubtfully discernible. In 
Nos. 20 and 21, the weathered surface gives indications of a laminated arrange- 
ment of the materials. Most of the speoimens are more or less finely vesicular, 
or have empty interspaces here and there between the grains. 

M. — The majority of the slices are distinctly vesicular, a structure which is 
very characteristic of an ash,^ but, with the exception of No. 20, none of the slices 
give any indication of fragmentary structure under the microscope. In the last- 
mentioned slice, much of it is seen between crossed nicols to be fibrous in patches, 
the fibres in one patch running in a different direction to those of neighbouriDg 
patches, — an arrangement which imparts a fragmentary appearance to the whole. 
In No. 21 the remains of a crumpled lamination are distinctly visible, the old 
lamination being represented by irregular lines of viridite. 

No augite, felspar, or other original mineral of the lava, except magnetite, is 
visible in any of the slices ; but epidote, green mica, and patches of calcite are 
generally distributed throughout them. 

A dull quartz finds a place more or less in all the slices ; it is scattered about 
in minute flecks, or in micro-grains, which exhibit a strong tendency to cluster to- 
gether, and form, with granular vii-idite, spots dotted over some of the slices. 
Magnetite also shows a tendency to form borders round these spots, and here it 
is probably a secondary product. 

Irregular veins traverse some of the slices, and they are stopped with quartz, 
magnetite, and granular viridite. Some amygdaloidal-looking cavities are filled 
with calcite, and quartz, in micro grains. 

» See Dr. Soiby in Q. J. G. S., Vol. XXXVI, p. 55. 
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Viridite forms a more or less prominent object in all tke slices. There are no 
porphyritic crystals ; the groundmass contekins neither microlitb nor ciystallite and 
presents no characteristic structure. 

The Tiloga specimens are all, I think, intensely altered volcanic tuffs. 
Nos. 17 and 18 might conceivably be highly altered vesicular lavas, in which case 
one would have to attribute the distinctly fine-grained granular surface to tlie 
effects of weathering on a very fine-grained vesicular mass, but this supposition - 
is not a probable one. No. 19 may possibly be a highly altered felsite. ** Finely 
bedded ash, when highly altered^ is undistingnishable in microscopic structure 
from an undoubted felstone-lava ;" * but in this case the high specific gravity of 
No. 19 is opposed to the view that it is an altered felsite. On the whole, taking 
into consideration the granular weathered surface of No. 17, the distinctly lamin- 
ated structure of No. 21, and the general features of these specimens, I have with 
some doubt and hesitation come to the conclusion that Nos. 17 to 21 are highly 
altered volcanic tuffs. 

Considering the age of these rocks it is not surprising that ash of so fine a 
grain should have been so highly altered. 

The Bailaum-Hulh (Hul) outcrop. Altered volcanic ash. 

The samples (1 to 21) above described are from the outcrop of the trap to 
the north of the carbo-trisissic series running from near Dihur (Daire) in a north- 
westerly direction towards Badrawar. The following specimens were taken from 
the outcrop which occurs to the south of the carbo-triassic series between Bailaum 
and Hulh. 

Nos. 22 and 23. — Greenish-grey compact rocks from Bholu, under the 
Bundhar Trigonometrical Survey station. The outcrop here is only about 100 
feet in thickness. The Sp. G-. of No. 22 is 284 and of No. 23, 2*88. No. 22 is 
somewhat fissile, and minute specks of mica are visible in it here and there. On 
the cut surface it has a streaky appearance. One of the surfaces of No. 23, which 
is perfectly flat, is distinctly granular. 

M. — The groundmass of No. 22 is crypto-crystalline ; no definite crystals 
of felspar are anywhere discernible, granules or fragments of what appears to be 
augite, are scattared about in it ; the most prominent feature, however, is the pre- 
sence of what I take to be hornblende in minute thin prisms, fibres, and irregular 
masses intermingled with mica. The hornblende in transmitted light is of the palest 
brown-green colour, and is not at all dichroic. Extinction takes place at from 3 
to 20 degrees from the axis of the prisms. The prisms and fibres, generally, but 
not always, run in the same general direction, whilst the mica always does so. 
The slice contains several empty vesicular cavities. 

No. 23 is much the same sort of rock as the last ; the hornblende, however, 
is absent, and a mica ranging from a pale brown-green to a reddish-greenish-brown 
takes its place. This mica is Mbundant. 

Crystals of felspar, most of which are visibly triclinic, are very abundant in 
this slice *, their external outlines are highly irregular, and never exhibit straight 
lines. 

» J. Cliftou W«id, Q; J. G. S., Vol. XXXI, p. 405. 
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The slice contains a few patches of hesmatite. There are some vesicular 
cavities, some of which are stopped with calcite ; calcite also occurs in minute 
granules throughout the slices 

Some of the felspars contain a few extremely minute cavities with movable 
bubbles. 

Both specimens are, I think, intensely altered ashe& 

Hulh, Hornblende andesites. 

The following specimens were taken below the village of Hulh, in the valley 
of that name, from the same horizon as Nos. 22 and 23, but some miles to the 
south-east of Bholu. 

No. 24. — ^A fine-grained pale greenish-grey rock. With a pocket lens it is 
seen to be sub-crystalline. Under the blowpipe it fuses to a very dark magnetic 
bead. Sp. G. 2-88. 

M. — This is quite a typical lava : it is composed of an intimate mixture of 
triclinic felspar, in prisms radiating in all directions, and hornblende. The 
latter is in prisms fringed at the ends with microlites of the same mineral. 
The hornblende is of the palest conceivable green tint and exhibits no diohroism ; 
here and there, however, the prismatic cleavage planes intersect at the angle 
characteristic of hornblende ; extinction also agrees with that of this mineral. 

No augite can be identified, but epidote, colourless in transmitted light, and 
which does not exhibit dichroism, is rather abundant. A little secondary calcite 
is also present. No magnetite or ilmenite is to be seen, but the slice is dappled 
with a granular opaque substance, white in reflected light, which seems allied to 
leucoxene. 

A glassy base of very pale yellowish-green colour is visible here and there. 
The felspar contains nests of microlites which may possibly be apatite, but I 
think they are more probably colourless hornblende like those fringing the ends 
of the hornblende prisms. Their action on polarised light is swamped in that 
of the felspar. 

The rock is evidently one that has suffered a large amount of alteration. 

No. 25. — A greenish-grey compact rock much mottled with epidote and 
containing seolitic amygdules here and there. Sp. Gt. 2'98. 

No. 26. — A bluish-grey compact rock with specks of white zeolite showing 
in it. Sp. G. 2-89. 

No. 27. — A bluish-grey compact rock. Sp. G. 2*91. 

M. — These are all highly altered rocks. The ground mass is felspathio, 
passing, in No. 26, here and there into quartz. It contains mottled masses and 
fine acicular prisms of hornblende. The hornblende is of green colour and is 
feebly dichroic in No. 25, but is colourless and non-dichroic in the other slices. 

Epidote is a prominent feature in No. 25, and it is more or less abundant in 
the other slices also. A mica of greenish-yellow colour in transmitted light is 
present in No. 26. Square and triangular sections of magnetite dbcur in No. 25. 

All these slices (Nos. 25 to- 27) contain amygdules composed of zeolites, 
quartz, calcite, epidote, and mica. The zeolites are full of liquid cavities with 
movable bubbles. 
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Conclusion, 

Some of tlie specimens described in tlie preceding pages (Part II) very much 
resemble, in macroscopic appearance, typical specimens of the Dalhonsie and 
Mandi altered basalts ; but the result of the microscopic examination of the 
whole is to show that, in the region north of Dalhousie, the traps have changed 
considerably in type; they present more variety, too, than those south of 
DalhoDsie. 

In the ridge north of Bhdndal basalt porphyries become prominent and afford 
an additional link between the volcanic rocks of Chamba and those of Kashmir, 
where similar porphyritic traps are not uncommon.^ 

I have termed the porphyritic rocks above described basalt porphyry, because 
in specific gravity they range as high as 3'01, and their average is 2'89 ; and 
because the groundmass of most of them is basaltic in structure. In some 
specimens, however, the groundmass approximates in character to that of an 
andesite or trachyte ; bub the felspars belong to the triclinic system, and the 
rock, therefore, is clearly not allied to the trachytes. 

No olivine has been found in any of the specimens examined ; but considering 
the age of these rocks and the extent to which they have undergone alteration, 
I do not, for the purposes of classification, attach much importance to this fact. 
Olivine is an unstable mineral and one of the first to succumb to aqueous or 
hydro-thermal agencies ; the rock contains secondary products that commonly 
result from the decomposition of olivine ; whilst the high specific gravity of the 
rock indicates that it belongs to the basic class. 

Of the unporphyritic and compact traps described in the preceding pages, 
the microscope shows that Nos. 1 and 2 are altered basalts approximating to 
diabase. These specimens probably represent djkes of volcanic matter, injected, 
at some pressure, into rente in the accumulated lava, rather than surface flows. 
The rest of the specimens of compact trap examined exhibit a considerable 
change of type as compared with the volcanic rocks south of Dalhousie. As a 
whole they are more felspathic in character, so much so that I have classed 
Kos. 6 to 9 as felsites. Hornblende makes its appearance, and in some speci- 
mens it forms, with triclinic felspar, the predominating mineral. I have olstssed 
these as andesites and hornblende andesites. Some of these rocks, as for instance 
No. 24, are quite typical lavas. 

Another interesting feature brought out by the examination of the specimens 
described in Part II of this paper is, that there seems reason to regard those from 
Tiloga, near the south-east termination of the northern outcrop, and those from 
Bholu, near the north-west commencement of the southern outcrop, as altered 
ashes. 

This would seem to favour the riew that the outcrop to the north of the 
carbo-triassic series belongs to an eruption distinct from that which supplied the 
lava to the south of that series ; ashes taking the place of lava along the skirts of 
the pre-carbo-triassic volcanoes. 

^ L}-dekker'8 Kiebniir, pp. 221 and 218. 
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If the Tiloga imd Bboln beds are, as I take tbem to be, altered tuffs, this 
t^ncltisioti will help as to understand doubtful rocks in other localities and 
confirm the inference already arrived at regarding some Kashmir traps.^ This 
determination, moreover, supports the view advanced by Mr, Lydekker in his 
Memoir on Kashmir,' that Ihe volcanic rocks of the North- Western Himalayas 
were derived from true volcanoes, and do not belong to the type of '' fissure 
eruptions." 

The supposed absence of ash -beds, I apprehend, was one of the reasons which 
prevented some early observers from recognizing the volcanic character of the 
traps of the North-Western Himalayas and Kashmir ; but considering the age 
t)f these beds, it is not surprising that fine-grained tuffs have been altered almost 
out of recognition. 

Another point in the microscopic examination of the specimens described in 
the preceding pages, which has interested me, is the connecting link which the 
hornblende andesites, and the altered tuffs, seem to supply between the palaaozoic 
volcanic products and the hornblende rocks, and hornblende schists, of the Satlej 
valley. 

In the andesite lavas and tuffs described in these pages, we see the augitic 
element, so prominent in the lavas south of Dalhousie, and in those of Mandi, 
disappearing, and homblendB taking its place. Quartz, probably, in this case, a 
product of the decomposition of felspar, begins to appear ; the tuff No. 21 has 
a finely laminated structure favourable to its conversion into a schist ; and I think 
we see in some of these hornblende andesites, and in the tuffs, the beginnings of 
metamorphic changes which were probably carried further in the Satlej area, the 
seat of extreme metamorphi<3 action, and resulted in the conversion of similar 
volcanic products into the hornblende rocks and hornblende schists found there. 

I need say no more on this subject here, as the microscopic structure of some 
of the Satlej rocks will form the subject of a future paper. I need only 
add that I do not intend to imply, by the above remarks, that all the horn- 
blende bearing rocks of the Satlej valley are volcanic products. Some of the 
Satlej valley rocks are doubtless diorites and cannot therefore be supposed 
to have actually flowed out on the surface as lava, though they were probably 
connected with volcanic action. 

PART ni. 

0BNB1UL OBSERVATIONS ON THB BTRATIORAPHT AND PBTBOLOGT OF THE 

PALHOUSIE ABBA. 

Owing to my approaching departure from India, this will probably be the last 
paper on the geology of the Dalhousie region that I shall have an opportunity of 
writing for the Records ; it may be well, therefore, to state how far the views 
expressed in my first communications have been modified by further experience 
and observation in the field, and by the detailed study of thin slices of rocks 
under the microscope. 

> Memoin, Qeol. Surv., VoL XXII, pp. 218, 221. * Ihid, p. 222. 



Digitized by 



Google 



10^ Records of the Geological Sttrvey of India. [vol. xvili. 

In my firBt paper I gave expression to the opinion that the limestone-beds 
south of Dainkund were of carboniferous age, and that they formed a normal 
sequence from the altered basalts upwards. T now think that these beds, as 
suggested by Mr. Lydekker in his interesting memoir on " The Geology of the 
Kashmir and Chamba Territories," have been throi^n into a compressed fold. 

The hypothesis of a compressed synclinal flexure accounts better than the 
explanation previously adopted for the fact noted in my first paper, that notwith- 
standing the typical development of black infra-Krol rocks along the eastern border 
of the outcrop, some dark slaty rocks occur at one point on its western boundary. 

This hypothesis, moreover, has the advantage of bringing the stratigraphy of 
the limestone series south of Dainkund into harmony with that of the limestone 
outcrop north of that ridge. In both, the trap (see section B.) occurs along 
the western margin of the limestones, and is absent on the eastern border. In 
both cases the explanation now o£Eered is the same ; namely, that a compressed fold 
in the rocks (the limestones being thrown into a syncline) resulted in a fault, the 
trap being cut ofE by the fault. 

It is to be noted that the dark . carbonaceous infra-Krol rocks visible in the 
limestone outcrop south of Dainkund are absent from the outcrop north of the 
R4vi, but this may probably be owing to the latter having been laid down in 
deeper water further from the shore. 

1 am unable to accept some other suggestions which Mr. Lydekker has made 
in his memoir. Mr. Lydekker never visited the Chamba area, and his suggestions 
were based principally on observations recorded in my papers published up to 
that date, and I think it will snffice to state briefly in the following pages the 
conclusions at which I have finally arrived. 

When I wrote my first paper on the geology of Dalhonsie I had not studied 
thin slices of the Dainkund granite under the microscope,^ and I had to make 
the best I could of the facts known up to that date. I had no wish to strain or go 
beyond my facts. I had evidence of intrusion, on the one hand, and of distinct 
foliation, on the other, and it was necessary that any explanation I had to offer 
should harmonize these opposing facts. *' The explanation that satisfies my 
mind most,*' I wrote (Records, XV, p. 47^, ^* is that the intense metamorphism 
of the ' central gneiss * has been principally produced by granitic intrusion at a 
great depth below the surface ; and that the perfectly granitic portion is tlie 
intrusive granite itself." After discussing instances of volcanoes bursting through 
gneissic beds, I added that I could '* see no reason why what took place near the 
surface at Auvergne may not have taken place in other localities at a greater 
depth below the surface ;" and added further on, ** I can therefore readily imagine 
that under the conditions described a blending together of the granite and the 
gneiss would result, and that the latter would, for some distance from its contact 
with the granite, partake of its mineral character." 

This view has been accepted and adopted by Mr. Lydekker in his memoir. 
Now however that the microscope has thrown so much new light on the subject, 

' Owing to the preRsnre of offlcinl work I shoald have heen obliged to postpone my first pMper 
for a very long time had I waited to complete a microBcopic study of all the Dalhousic rocks before 
writing it. 



Digitized by 



Google 



PART 2.] McMahon : further mtes on the Geology of Chamba. 108 

I am nnable to confine myself to a view, "which, thoagh it went as far as my factB 
would carry me in 1881, seems, in view of the new facts brought to light, to only 
express half the truth. 

The microscope has shown that not only the gneissose granite of the Dhnla- 
dh^r, but the foliated beds in the Vikyi valley and the outer band at Dalhousie, 
give evidence of having been, at one stage in their history, reduced to a plastic 
condition by aqueo-igneous fusion, and exhibit fluxion structure, namely, evidence 
of motion. Moreover, the numerous specimens taken from various distant points 
in the localities indicated above, however much they may differ from each other 
in macroscopic aspect, present under the microscope absolutely no difference in 
composition or structure. 

There is thus a cogent argument for concluding that if portions of the crys- 
talline rocks of the Dalhousie area are of eruptive origin, the whole of them 
are granites. 

It would indeed be strange if metamorphic schists and gneiss of archaean 
age so exactly resembled comparitively modem eruptive granite that the micros^ 
cope could detect no difference whatever between them either in composition or 
internal structure. This would be all the more remarkable, as the Dalhousie 
rocks do not, by any means, belong to a common type of rock, but, on the con- 
trary, have special peculiarities of their own. When we see these special pecu- 
liarities permeate all the granitoid rocks in the same locality, the most natural 
inference to form regarding them is that they have had a common origin. 

The Dainkund gneissose granite has been shown to have exercised a metamor- 
phosing action on the rocks in contact with it ; veins of it intrude into the slates 
and silicious rocks on both margins ; * the gneissose granite contains veins 
similar to those caused by shrinkage on cooling in granites of admittedly erup- 
tive origin ; whilst it also contains inclusions of slates and schists imbedded in 
it, which are without reasonable doubt true slates and schists, and not the pro- 
ducts of segregation ; and these inclusions are met with not only along the line 
of contact with the sedimentary beds, but at least half a mile away from them. 

A granitic mass that presents the above features must, 1 think, be considered 
an eruptive rock. The mere fact, taken alone, that portions of this mass display 
a tendency, more or less pronounced, to assume a parallelism in the arrangement 
of its crystals, is not, in itself, sufficient to support the theory that the foliated 
portions are of metamorphic origin, or to support the further aasumption that 
has been made, that these portions are of pre-cambrian age. 

The presence of parallelism of structure in some trachytes was demonstrated 
long ago by Naumann and Scrope, whilst the existence of gneissose granite, and 
the eruptive character of such foliated rocks as leptynite (granulite), is now 
admitted by many leading geologists, and gneiss-granite or gneissose granite has 
become a recognized geological term. 

" It was formerly considered," writes Bemhard von Cotta,* " that all gneiss 
was of metamorphic origin, but it has of late years been established beyond a 

> I have obf^ervcd, but not heretofore noted, one on the Chamba side of the Chodri Pass. 
' English Edition l>y Lawrence; n<;w Eiiition, p. 225. 
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donbt that many kinds of gneiss are irraptive, and some geologists have gone sa 
far as to regard all gneiss as of igneous origin." 

If trachyte, a rock that has flowed out on the surface of the earth's crust, has 
in some instances been known to assume a *' striped" and foliated appearance^ 
how much more may we not expect to find a parallelism of structure in acid rocks 
forced through the walls of a fault in a viscid and partially cooled state under 
conditions of great pressure and strain ? • 

Kaumann ^ refers, among other instances, to a trachytic lava obseryed by Hoff-r 
mann in a crater in the Island of Pantellaria, *' which throughout has a foliated 
texture resembling gneiss, and occurs in beds that dip regularly outwards from 
the centre of the island ; and he refers to the observations of Darwin to the effect 
that '^ a volcanic rock *' in the Island of Ascension has " a perfect gpaeiss-Uk? 
texture and structure, the alternate layers of the component parts being extremely 
fine, and extending parallel to the direction of the lava stream." 

Another observation of Darwin alluded to by Naumann in his paper is sa 
apposite to the case of the Dalhousie crystallines that it is worth quoting* 
" Darwin informs us," writes Naumann, " that in the Cordillera of ChiH, great 
beds of red granite occur, which must be viewed as an eruptive rock ; but that 
it nevertheless exhibits, in parts, a decidedly parallel structure." 

If the existence of a gneissose granite in the Dalhousie, Satlej and Char areas 
be admitted — and my microscopical investigations have led me to this conclusion 
in respect of the crystalline granitoid rocks of those areas — I see no reason why 
very similar rocks in other parts of the North- Western Himalayas heretofore called 
'' central gneiss," and '^ granitoid gneiss " should not be written down as gneissose 
granite also, unless, and until, their original sedimentary origin and archssan age 
be proved. 

For instance, the description by Mr. Wynne of the Hazara gneiss (quoted by 
Mr. Lydekker at p. 103 of his memoir) ; its completely crystalline porphyritic 
and granitoid chai-acter ; its behaviour in relation to the schists that border it ; 
its intrusion *' in dykes and veins " into those schists along the margin of contact, 
so exactly resembles the Dainkund and Chor rocks that Mr. Wynne's description 
of the Hazdra gneiss might be read as a graphic and perfect description of the 
Dainkund and Chor gneissose granite. 

The conclusion that much, if not all, of what has been called '' central gneiss" 
and ** granitoid gneiss " is really an eruptive rock, removes many difficulties from 
the way of the Himalayan geologist. ** Despite the wonders performed by flexure 
of strata in mountain regions," wrote Mr. Medlicott in his annual report for 
1833,^ *' the structural features presented by this rock in certain cases were im- 
possible of satisfactory explanation on the supposition of its being really stratified 
gneiss. The Chor mountain in the Simla region and the end x>f the Dhuladhir 
ridge at Dalhousie are instances." 

Other examples of difficulties capable of removal may be culled from Mr. 
Lydekker's memoir on £[ashmir. Lenticular or ellipsoidal masses of gneiss are 

> On the probable eruptive origia of seToral kinds of gneiss and gneiss-granite. Q. J. Q. S., 
Vol. IV, 1848. 

» Records, XVII, p. 3. 
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described as occurring in the midst of the silurian slates (pp. 231, 255) ; the 
passage from the slates to tho gneiss appears to be generally gradaal and imper- 
ceptible (pp. 255, 258, and 260) ; but at p. 250 we are told that ** the lower part 
of the system " ( vw., the Panj41, which Mr. Lydekker at p. 47 correlates with 
the Silurian and Cambrian (?) systems) '' next the underlying gneiss, may appa- 
rently consist either of mica schists, or of little altered slates, which would seem 
to be difficult to distinguish from the higher Simla slates. Finally it appears 
that there is generally a gradual passage from the lower beds of the system into 
foliated, and then into granitoid gneiss, but that there are instances where 
the junction is somewhat sudden." Or, in other words, there is occasionally 
a sudden passage from comparatively unaltered slates, undistinguishable from 
beds supposed to be of middle silurian age, to a perfectly crystalline granitoid 
rook. 

Sometimes the gneiss appears to come in above the upper silurian or lower 
carboniferous traps (p. 230) ; and at other times next the upper silurian conglo- 
merates (p. 290). Some of the gneiss is considered to he of pre-cambrian age 
(pp. 235, 265) ; some to be metamorphosed beds of middle 8ilui*ian age (p. 251) ; 
and some to be the altered equivalents of rocks higher than the Panjals (p. 265), 
namely, of more recent age than the silurian system. 

Mr. Lydekker does not indicate any mode of distinguishing between the 
eruptive granites and the granitoid metamorphic rocks on the one hand, or 
between the pre-cambrian, silurian and younger gneisses on the other. 

Some of our leading geologists, who have given special attention to archfisan 
rocks, would, I think, be indisposed to believe in the existence of thoroughly 
crystalline granitoid metamorphic rocks of such diverse ages ^ as those stated 
above, in the same mountain region ; and they would probably suggest the intro- 
duction of a number of faults to account for the erratic appearance of a thoroughly 
crystalline granitoid gneiss sometimes at the bottom, sometimes in the middle, 
sometimes at the top of the silurian series, and sometimes iu younger beds ; and 
to account for the juxtaposition of comparatively unaltered slates and crystalline 
rocks in the last stage of extreme metamorphism. 

I do not understand that Mr. Lydekker has resorted to an elaborate system 
of faulting to explain the facts noted above, but on the contrai*y* that he believes 
his metamorphic gneisses to belong to " more than one gelogical period " (p. 265). 

For my own part, as I hold that there is sufficient evidence to justify the belief 
that the crystalline granitoid rocks of Dalhousie, of the Satlej valley, and of the 
Chor mountain, are eruptive granites, T would account for the cases noted above, 
and similar ones, by applying to then! the explanation which has solved even 
greater difficulties in the Dalhousie and Chor areas. 

If eruptions of gneissose granite on so grand a scale occurred along the 
Dhuladhdr, the Chor, and in the Satlej valley region, it is only natural to expect 
that similar eruptions occurred in other parts of the North- Western Himalayas ; 
and this expectation becomes almost a certainty when we find a crystalline 
granitoid rock undistinguishable from the gneissose granite of Dalhousie, and of 
the Chor, presenting itself in different horizons amongst the silurian and younger 
rocks. If the gneissose granite is really an eruptive rock, this is just what we 

R 
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shoiLld expect to find ; indeed, if it never cropped out except along the same hoii- 
zon, there might be some ground for regarding it as a metamorphic rock. Bat 
when we find a crystalline granitoid rock preserving its identity of character over 
very extensive areas, and yet cropping: out along widely different horizons in rocks 
"of more than one geological period," it seems to me that the groiuids for 
claiming it as a metamorphic rock &re slender indeed. 

On the assumption that it is an eruptive rock the diflBculti s I have indicated 
above disappear. We no longer wonder with Mr, Lydekker why no case of the 
overlap of the "central gneiss" by the silurian series has ever been discovered 
(p. 302) ; and we at once understand why granitoid rocks are found along widely 
different horizons, and why, in some cases, there is an apparent transition from 
the sedimentary series to the crystalline rock, and why, at others, there is an 
abrupt passage from the latter to comparatively unaltered slates. Where the 
gneissose granite was erupted among lower silurian or cambrian (?) beds that 
had already been subjected to more or less regional metamorphism, and on which 
it would produce some contact metamorphism, an appearance of gradual transi- 
tion would naturally be the result ; where, on the other hand, the partially cooled 
gneissose granite was erupted along a fault and in contact with unaltered slates, 
the contact action would not be sufficiently intense, or extend far enough, to create 
an appearance of gradual transition, and the result would be, as at Dalhousie, a 
sudden passage from slates to gneissose granite. 

I now pass on to offer sQme remarks in explanation of the diagrammatic 
sections attached to this paper (Plate). 

Section I has been taken (see map attached to this paper) through Dainkund 
and Tisa to the Sdch pass. 

The tertiary series does not come within the scope of this paper, and the 
stratigraphy of the trap and the carbo-triassic series has already been discussed 
in the preceding pages. I pass on to the silurian series. Along the section under 
consideration, the silurian beds, on both sides of Dainkund, are in normal se- 
quence. On the north-east of Dainkund we have the upper silurian conglomerates 
followed by typical Simla slates which pass into fine-grained silicious schistose 
beds. On the south-west of Dainkund, we have slates followed by fine-grained 
silicious schistose beds passing into mica schists. The silurian beds were thrown 
by lateral pressure into folds, as indicated by the dotted lines, and squeezed to- 
gether until a fault was produced at Dainkund, and another further to the south- 
west, and a uniform dip in one direction was given to the beds. The gneissose 
granite rose along the line of fracture at Dainkund, and the " outer band " also 
forced its way through the more westerly fault between the carbo-triassic and the 
lower silurian beds. The upper silurian conglomerates, which to the north-east 
of Dainkund were thrown into a compressed isocline, were to the south-west of 
Dainkund squeezed out in the flexures in which the silurian beds were involved. 
To the north-east of the river Rdvi, the upper silunan conglomerate has been 
thrown into compressed isoclines, the carbo-triassic limestones being caught up 
in a synclinal fold between the two isoclinal outcrops of the conglomerate. A 
synclinal flexure brings out the silurian beds after the conglomerates. The 
Simla slates have disappeared in this section, their place next the conglomerates 
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below Tikri ' being taken by micaceous scHistose rocks that crumble to a whitisb 
soapy powder, indicative doubtless of the presence of a hydro-mica. The slates 
here may either have been more highly metamorphosed than those at Dalhousie^ 
or they may have been squeezed out by local flexure and faulting. 

Continuing from Tikri along section A in a north-easterly direction the soapy 
schistose rooks are followed^ by fine-grained quartz schists, mica schists, and slaty 
mica schists occasionally passing locally into micaceous slates, and these rocks 
continue to near the top of the Sach pass. 

A south-westerly dip is set up in the outcrop of the conglomerates on the 
northern side of the limestones, and it becomes pronounced at tlie stream under 
Tikri ; beyond this the dip rapidly flattens and becomes wavy until the top of the 
Sdch pass is neared, when a high south-east dip is resumed. This i-apidly 
becomes perpendicular, and ultimately, on the north-east side of the pass, the 
conglomerates dip under older Silurian beds. 

Section II, through Dainkund, Hulh, and Chdnju, differs in some important 
particulars from section A. As described in Part I of this paper, a band of trap 
crops out along the south-western border of the carbo-triassic limestones, and 
the latter are followed by silurian beds. In both these respects, if we leave the 
outer band of gneissose granite out of consideration, the section north-east of thn 
R&vi agrees with that south-west of Dainkund, and another fault must be brought 
in to explain the contiguity of the carbo-triassic limestones with silurian beds 
somewhat low in the series, and the disappearance of the trap and conglomerates, 
A glance at section B will, I think, show that the relations of the several series to 
each other are not to be explained without putting a fault on the north-east 
border of the limestones. From the limestones down to the gneissose granite the 
several series are in normal sequence ; the carbo-tri assies are followed by infra- 
carboniferous trap ; then comes the upper silurian conglomerate which, in its 
turn, is succeeded by Simla-slates and then silurian beds lower in the series. 
A synclinal fold would bring up the trap and the conglomerates again to the 
north-east of the limestones, as in section A, but the flexure having resulted 
in a fault, the trap and the conglomerates have disappeared. 

This section is, I think, an instructive one, and will help to removs difficulties 
in other localities. 

In the Pir Panj&l range the conglomerates occur in the middle of the slates 
(Memoir, p 241), and Mr. Lydekker, in view of this fact, thought that ** it cannot 
be taken as certain that all the conglomerates of the Kashmir valley correspond 
to the Blaini conglomerate." And again at p. 249 the author writes, " they 
86em further to indicate that the Blaini conglomerate of the Simla district may 
either be strongly developed at the top of the series, or that it may occur less 
strongly developed among the slates themselves." And again at p. 248, '' It is 
noteworthy that these rocks " [the supra- Kuling series] " are not immediately 
underlain by the Blaini conglomerate, showing the inconstancy of the petrological 
characters of that member in these districts." 

This apparent inconstancy, however, is| I apprehend, to be put down to the 
countless plications in which the Himalayan rocks have been involved ; a glance 

> Kecoids, XVI, 39. * Uccords. XIV, 307. 
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at the map attaclied to this paper will show that the conglomerate, which south 
of Himgiri (Himgir) is in contact with the carbo-triassic (supra-Kuling) series, 
is gradually removed to a distance of over 6 miles from it in the Ch&njn section 
by the interposition of silnrian beds lower in the series. 

The dip of the carbo-tria«»sic limestones in the Hulh section (section II) is 
north- east-by north. The dip of the Silurians which succeed them is vertical, but 
somewhat curved when the dip can be traced for any distance down the mountain 
side, A north-east dip afterwards sets in which becomes south-west along the 
crest of the ridge. It wavers from north-east to south-west more than once, and at 
one place is high to south, but under Chdnju it settles down to south-south-west. 
A section drawn through Dihnr (Dnire) and Himgiri (see map) would differ 
somewhat from those already described, for the trap here crops out on the north- 
eastern border of the carbo-triassic series instead of as in the section through 
Hulh, on the south-western border. 

A study of the Hulh and Dihur trap (see Part II of this paper) has led me to 
the conclusion that the dying out of the trap between Dihur and Bailaum (sec- 
tion A through Dainkund and Tisa) is owing to the original limitation in the area 
of deposition. 

On a first inspection of the Bhdndal-Dihur area I suggested (Records, XVI, 
41) that the fact that " the trap does not occur between the carbo-triassio series 
and the upper-silurian conglomerate, on both sides of the limestone outcrop, may 
I think be explained by the hypothesis of a fault between the limestones and the 
southern outcrop of the conglomerate :" and I expressed the opinion " that we 
have in this section a crashed synclinal fold, with a fault along its axis, the 
compression of the folded strata having been great enough to produce a general 
conformity of dip." 

I think, now that I have reviewed the stratigraphy of neighbouring sections, 
that there is no need to call in the aid of a fault to solve the problem presented to 
us, and that it may be satisfactorily explained without one. ' Section V (Plate) 
represents a section drawn through Dihur in the direction of Himgiri, and IV 
and III sections drawn parallel to V a little more to the north-west. The folding 
of the strata in sections III, IV, and V is the same as that in section I. The 
explanation in all is that offered in my paper quoted above ; namely, that the local 
strata have been thrown into a " crushed synclinal fold." On both sides of the 
limestones the conglomerates have been bent into isoclines, and the limestones are 
caught up between them and bent into a crushed syncline. 

In I the trap is absent, this section being beyond the area of deposition. 
From the predominance of limestones, and the absence of the carbonaceous ele- 
ment here, it seems not improbable that the sea was comparatively deep in this 
locality at the end of the silurian period when the volcanoes were in an active 
state. 

Section V represents the tail end of the volcanic deposition. The volcanic beds 
are thick on the north-east side of the limestone outcrop, and they thin out to the 
south-west. 

In section IV we are further within the area of volcanic eruption, but we are 
getting nearer the bottom of the synclinal fold that is concerned w4th the upper- 
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Silurian conglomerates, and consequently the limestone outcrop (a crushed syn- 
dine) is getting comparatively shallow. 

At III we have arrived at a further stage ; the limestones have been squeezed 
out of the section ; the trap is doubled up upon itself, and is in contact with the 
conglomerate on both sides. 

In sections I and II I have represented the silurian beds between the outcrop 
of the carbo-triassic beds north of the Bavi and Dainkund as forming a normal 
sequence, whereas in Part I of this paper I have suggested that in the Siul river 
section ^ '' the Simla slates are folded up with older silurian beds in compressed 
isoclinal flexures." I may as well point out in passing that there is no confu- 
sion or contradiction in these statements. A comparison of the diagrammatical 
section I with section II will show that even along the same line of strike local 
details change rapidly within the distances of a few miles. Along section II the 
Silurians in the valley of the Ravi appear to have escaped complicated flexions, 
whereas in the valley of the Siul, in the same strike, they appear to me to give 
evidence of having been involved in them. 

Indeed the area near the junction of the Siul and the B4vi appears to have 
been a region of special strain. Lower-silurian beds (decided mica schists) extend 
from the stream between Tipri and Seru (Sairu) to the outer band of gneissose 
granite ; whilst in the Bhale (Balai) section (see ante, Part I) the slates between 
the inner and outer bands of gneissose granite are very micaceous and at Bhale 
are decided mica schists. In section I through Dainkund the upper-silurian 
conglomerates have disappeared ; whilst in the valley of the JEUvi, opposite the 
mouth of Siul, the middle-silurians (Simla slates) are missing as well as the con- 
glomerates. I think the explanation is the same in both cases; namely, that the 
upper-silurians, in the section through Dainkund, and the upper and middle Silu- 
rians, in the Siul-Rdvi section, have been squeezed out in the flexions in which 
the strata have been involved. It is to be noted that in the Siul-Bilvi section, 
where both the upper and middle Silurians are missing, the Dainkund gneissose 
granite has reached ite minimum development, being reduced to a narrow band 
of gneissose aspect, a fact which does not favour the hypothesis of the " absorp- 
tion " of the missing beds by the rising granite, or of their having been meta- 
morphised out of recognition by contact action. 

I note in passing that though I have, for the sake of simplicity, in the dia- 
grammatical sections I and II, represented the upper-silurians as unbroken beds 
of conglomerate, I by no means overlook the possibility that they may contain 
slates of a slightly higher or lower horizon. The plications in which all these 
rocks have been involved have been very great, whilst fossil evidence is nil. The 
conglomeritic series is not uniformly conglomeritic, and therefore the probability 
of other beds, slightly higher or lower than the conglomerates, having been folded 
up with them, is very great. Further observations on this subject will be found 
in part I of this paper. 

I desire to point out, in conclusion, that the inference must not be drawn from 
any remark made in the preceding pages, that I deny the existence of true meta- 
morphic gneiss in the North- Western Himalayas. In a recent paper I have 

' The Siul rans under Blmle (Baltii) aad Maojere. 



Digitized by 



Google 



110 Records of the Geological Survey of India, [vol. xvin* 

distinctly indicated my belief that some of the crystalline rocks in the North- 
Western Himalayas are metamorphic gneisses,^ and the fact will be definitely 
asserted in a paper on the section from Simla to Wangtn that will appear in a 
future number of the Records ; but I think it would be a grave error of judgment 
were we to allow the presence of metamorphic rocks of this character in tho 
Himalayan area, to blind our eyes to what appear to me to be the leading facts in 
the past history of he Himalayas; namely, that volcanic eruptions on a large scale 
in upper-silurian and lower carboniferous times were followed by a gradual sub- 
sidence of the Himalayan area which lasted through several geological ages. A 
period of elevation which has not yet terminated, then set in, during which the 
strata, that had accumulated during the period of subsidence, were crumpled and 
compressed to an enormous extent ; the period of elevation being marked by a re- 
kindling of the volcanic fires, the gneissose granite of the North-Western Hima- 
layas misnamed " central gneiss " constituting the deep-seated portions of com- 
paratively modem eruptive rocks. In short, the past geological history of the 
Himalayas is inseparably connected with volcanic activity. 



Memorandwm on the probability of obtaining water by means of Artesian Wells 
in the plains of Upper India, hy B. D. Oldham, A.B.S.M., Geological Survey 
of India, ^ 

In the broad plains of Upper India the need of an abundant supply of pure 
waier must always be felt, and it is consequently not surprising that in the search 
for it borings have been sunk to greater depths and prosecuted with greater 
ardour than any that have been sunk in the search for coal. Of the many papers 
and reports beanng on this question, I do not propose to discuss more than the 
one published by Mr. Medlicott,* where the possibility of making a successful 
artesian well is discussed on the not unnatural assumption that there is a conti- 
nuous zone of gravel and sand deposits, comparable to those of the hhdbar^ 
separating the clay deposits of the alluvium from the rock below. 

2. In the case of alluvial deposits, such as those of the rivers of the Indian 
peninsula, which have been formed as the land gradually sunk, a zone of coarse 
deposit will be found lying immediately upon the rock ; but with the Gangetic 
alluvium the conditions are different, inasmuch as we have ample reasons for 
believing that the Himalayas were raised pari passu with the depression of the 
plains ; and in this memorandum I propose to enquire how this would affect 
the assumption made by Mr. Medlicott in his memorandum already referred to. 

3. Many different theories of mountain formation have been propounded at 
various times and by various authors, the latest of which is that of the Rev. O. 
Fisher, which demands that flanking every mountain range subject to denudation 
there should be a corresponding depression in which deposition is taking place, 
that the depression shonld extend by encroaching on the land separated by it 

» UecordB, XVII, pp. 60 and 70. 

' With this naper should be read tho one following. 

» Kccord*, XIV, p. 205. • 
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from the mountain range, and tliat at tlie same time the deposits formed on the 
skirts of the mountain range should be. gradually elevated and exposed to 
denudation. To take the case of the Himalayas, the mountain range would at 
first be small, and the corresponding depression also small ; but, as the elevation 
of the Himalayas proceeded and the Gangetic depression increased in depth and 
width, the deposits formed along the foot of fche hills would be disturbed, 
elevated, exposed to denudation, and form an integral portion of the Himalayan 
range ; this encroachment of the hills on the plains would, however, be more than 
balanced by the encroachment of those on the land to the south, so that as the 
Himalayas increased in height, the Gangetic plains increased in width and the 
alluvium of which they are composed in thickness. Mr. Fisher has not followed 
up his theory beyond the growing stage of a mountain range ; but, however inter- 
esting it might be to be able to prophecy the decay and extinction of the Hima- 
layas and the plains of Hindustan alike, it would have no practical bearing on 
the question I am now considering, and I shall confine myself to enquiring whether 
the known facts fit in with Mr. Fisher's theoiy as far as he has carried it andt 
secondly, how, if true, it will affect Mr. Medlicott's fundamental assumption. 

4. In the first place, are there any indications that the alluvial deposits extend- 
ed further north than they now do P Most certainly there are ; for there can be 
no reasonable doubt that the Siwalik beds were the hhdbar deposits of their day, 
and that the ground they now occupy must have formed the northern margin of 
the Gangetic plain. But this does not sum up the whole of the matter ; in every 
section of the Siwalik that has been examined we find at the base beds in which 
clays preponderate, and above these comes a great thickness of sandstone which 
passes upwards into conglomerate. 

5. At the present day there are everywhere along the foot of the hills g^at 
banks of shingle formed by the streams whose velocity is checked as they issue 
from the hills, below the shingle come great stretches of sand, and beyond these 
again is the clay of the alluvial deposits proper. But as the shingle banks are 
added to, they must encroach on the sand, and this again on the clay deposits, and 
in course of time a section precisely similar to that to be seen in the Siwaliks will 
be produced, from which we may conclude that then as now the coarser deposits 
were being pushed forward from the north over the finer. 

6. Nor does the strip of hilly country occupied by the Siwalik beds represent 
the whole of the southward encroachment of the Himalayas, for, close up against the 
older rocks of the Himalayas, we find sandstones and clays, which could not have 
been formed in that position, but must originally have been separated from the 
hills by a strip of country on which the streams deposited their coarser debris. 
From these facts we see that even the boundary of the Himalayan slates does not 
mark the original southern limit «f the Himalayas, but that it must be placed 
somewhere, though not necessarily very far, to the north. To judge by analogy, 
it must have been on the average at least twelve miles further north in Nahan, 
and six in Middle Siwalik times, than the present main boundary of the slates 
and the Siwalik. 

7. In the light of these facts, the assumptions that there is a continuous zone 
of coarse deposits, continuous with the existing hMhar, next to the rook floor of 
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the Gangetic depression, and that the deposits will become coarser on the whole 
as we sink into the aPuvium at any point are not justified. At first, doubtless, 
coarser deposits were overlaid by finer ones, and in the soathern margin, where the 
land has sank and the allnvinm spread over it, this still takes place, bnt at the 
northern margin, — ^and it is with this alone that we are concerned, — ^the coarse 
deposits have for long past been pushed forward over the top of the finer, and all 
direct connection with the coarse-grained bottom bed cut off by the elevation of 
the strata we now call Siwalik. 

8. The only means we have of testing these suppositions are the Ambala and 
Calcutta borings. According to the hypothesis I have put forward, the beds 
should become finer on the whole, as a greater depth was reached in the first case 
but coarser in the second. With regard to the Calcutta boring,^ an inspection of 
the record will show how markedly this is the case ; in the Ambala boring the 
finding pebbles low down might be held to disprove the hypothesis ; but, as far as 
I can make out, they were merely occasional small pebbles never forming shingle 
properly so called ; and the table (given below ') of the thickness of sand and clay 
passed through in each hundred feet shows clearly that the deposits did on the 
whole increase in fineness with the depth reached ; for, while in the first 400 feet 
sand was in excess of clay, during the next 300 the thickness of clay was greats 
than that of sand, and the proportion of clay throughout the section increased 
steadily till in the last 100 feet there was but' 7 feet of sand in all. 

9. Since, then, the sections met with in these borings are so strikingly in accord 
with what, according to hypothesis, they should be as almost to amount to proof, 
it. is extremely probable that, as indicated in § 7, there is no zone of coarse per- 
meable deposits continuous with those of the bhdbar, and that in consequence 
there is but little prospect of obtaining water, except in small quantities, by means 
of artesian wells in the plains of Upper India. 



Further considerations upon Artesian sources in the plains of Upper India, by 
H. B. Mbdlioott, M.A., Geological Survey of India, 

In i^e foregoing paper Mr. Oldham makes use of the artesian question as a 
peg whereon to exhibit a very neat combination of theory and observation to 
elucidate the formation and resulting structure of the Sub- Himalayan deposits, in- 
eluding those of the great alluvial plains, in their relation to the growth of the 
mountains themselves. I am glad to have afforded the opportunity for so in- 
teresting and instructive a discussion, and glad also for the occasion it gives me 
in return of adding some further considerations upon the same subject ; it is 



» Rec, Vol. XIV, p. 221, 
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however very needful to point out that criticism, both in its positive and its 
personal aspects, is quite too serious a responsibility to be treated as a lay-figure. 
It is easy to show that the dummy set up, to be so expertly knocked down again, 
never occupied the position assigned to it in the place whence it was taken. The 
condition in question — a continuous zone of gravel and sand deposits comparable 
to those of the hhdbar separating the clay deposits of the alluvium from the 
rock below — ^may in Mr. Oldham's opinion be necessary to the success of arte- 
sian borings, and he is of course entitled to maintain it, but he was not warranted 
in representing it as " the fundamental assumption'* of the paper he referred to. 
That condition is indeed there quoted as theoretically most favourable, especially 
as affording assignable limits of depth, but by illustration and example it is 
abundantly shown that success does not depend upon the supposition of which 
that condition would be the result. 

2. The study of Mr. Fisher's admirable work^ had the same effect upon me 
as up9n Mr. Oldham, up to a certain point, to upset a supposition of primary sim- 
plicity regarding the underground conditions of the great plains ; but as I had 
never held or represented that supposition \o be essential to the existence of arte- 
sian sources, there was no occasion to proclaim a correction that might discourage 
a project which I hold to be quite independent of that particular arrangement. 
I did not however fail to represent the whole case on the first opportunity, and 
to indicate its bearings on the question of artesian sources, in a geological paper 
written two years ago for the Gazetteer of the Punjab, but which has not yet ap- 
peared. The following paragraphs (3 to 11) are reprinted verbatim from proofs 
that were set up in 1883. 

3. ^* We have still to notice the depth or thickness of these deposits, as a point 
of practical as well as of speculative interest. The surface deposits belong every- 
where, as we have seen, to the human period. In a cutting near the head of the 
eastern Jumna canal. Colonel Cautley dug out a fossil town.* Everything below 
is concealed. It would seem that near the ' outer' margin, t'.e., on the Himalayan 
side, of the plains a very close limit to the age of any beds conformably under, 
lying the recent alluvium should be assignable; for the topmost beds of the 
Siwalik series, of latest pliocene age, if not pleistocene, are tilted up vertically ; 
yet they are indistinguishable in composition and texture from the actual river de- 
posits. Disturbance of such magnitude must, one would think, have extended to 
some distance south of these outcrops, and thus have involved total unconformity 
of the Siwaliks with* any beds that are still undisturbed, within a considerable 
distance. If this were so, it would follow that any beds conformably underlying 
the surface deposits in the neighbourhood of the Himalayan margin must be long 
post- Siwalik. 6ut, as will presently be shown, the disturbance to which the up- 
heaval of the Siwaliks is due probably extended to only a small distance from that 
margin, 

4. ** Far from the mountains, anywhere within the protecting influence of the 
underlying hard ro<iks of the peninsula, it is evident from what has been said 
that the plains deposits might be in unbroken sequence with the whole tertiary 

> Physics of ih« earth^s crust, by the Rdv. Osmond Fisher, Loudon, 1881. 
* Joarnsl, Asiatic Society, Bengal, 111, p. 43, 1834. 
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Bjstem ; and on this 'inner' border of tbe plains even at the small depth to which 
observation has access, beds having some small comparative antiquity ooonr in 
close relation with the snrface deposits. In the lower reaches of the Jumna, 
between Agra and Allahabad, where the river has eroded its channel to a depth 
of 100 feet below the level of the adjoining plains, bones of extinct forms having 
some affinities vnth those procured from the upper Siwalik strata have been found 
in perfectly nndisturbed clays. 

5. " Any snrmise npon the nndergronnd features of the plains deposits can 
only be derived from the view formed of antecedent conditions as indicated by the 
features of adjoining areas. On the peninsular side there is good evidence to 
show that, so far back as in immediately pretertiary time, the drainage flowed 
from the south towards what is now the Oangetio basin : the whole northern 
scarp of the Vindhyan plateau existed at that time in approximately its present 
position. The Deccan trap poured over that scarp on to the gneissic area of 
lower Bundelkhand. How far it may have flowed over the low ground in that 
direction it would be impossible to say ; on the plateau it does not seem to have 
reached so far north as Gwalior. The* total absence of any remnant of tertiaiy 
rocks on this border of the peninsula suggests that it was then out of the reach 
of deposition, rather than that all such deposits have been since removed ; but it 
would seem pretty certain that this drainage basin was part of that in which the 
eocene rocks of the Himalayan border were laid down. Only the lower stage 
of that series is marine ; and the muddy character of these beds, contrasting 
with the clear limestones of the same age in the western Punjab, suggests 
estuarine conditions requiring a southern bank far to the north of the present 
south boundary of the plains^ and of course also a limiting land in the actual 
Himalayan area. Already in nummulitio time these marine bottom-beds 
became mixed with and soon permanently replaced by others of distinctively 
Sub-Himalayan characters, consisting of fluviatile deposits with terrestrial 
and fresh water fossils ; and these conditions have lasted throughout the Si- 
walik epoch to the present day, for, as has been said, the top Siwalik strata 
seen at many places in the Panjab are absolutely indistinguishable from those 
of the plains. These middle and upper tertiaiy fluviatile deposits were inde- 
pendent of the sea level, and would have spread over the whole basin ac- 
cording to its contour, and equally to the south in the valleys of the northern 
slopes of the peninsular area now concealed beneath the plains. From the fore- 
going observations it would appear that the Sub-Himalayflh eocene marine basin 
was probably a narrow one ; but that the supervening upper tertiary fluviatile 
deposits may have stretched southwards to an indefinite distance. 

6, " To the foregoing consideration of the original conditions of the basin, there 
must be added what can be said regarding the Himalayan disturbance as affect- 
ing 'the floor, and therefore the whole condition, of the plains deposits. The ex- 
treme unconformity already mentioned as occurring between the horizontal plains 
deposits and the vertical Siwaliks along the Himalayan bordbr, does undoubtedly 
establish an immense lapse of time (as reckoned in historical periods) between the 
two. But the inference as to how fai* this condition of unconformity extends 
beneath the plains to the south of the actual boundary depends upon the view 
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taken of the process of disturbance. It is difficult to resist ihe primd facie im- 
pression, from the sight of an immense thickness of stratified rock tamed up on 
end that great violence must have attended such results, and hence that the 
effects must have extended to far beyond the point where such intensity is ex- 
hibited. It was upon such natural impressions that the cataclysmal theories of 
the early geologists were founded. In the present case, the plausible supposition 
from such a point of view would be, that an elevation of the Himalayan area, coin- 
cident with the contortion of the Siwalik strata, had first resulted in a great valley 
of erosion from the mountains to the sea, forming a clean^swept basin for the de- 
positfl which now form the plains. 

7. *^ To give meaning to this seemingly useless discussion it may be well to 
point out that it forms the only rational approach to the practical question often 
asked — where in the plains and at what depth would there be a prospect of success 
for an artesian boring P If the supposition just noticed might be counted upon, a 
very favourable answer could be given to this question. The base of the deposits 
would then be everywhere within reach ; that base would generally consist of 
ooarser materials, such as would form a capacious water-stratum ; and it would be 
in continuous connection with the present upper sone of gravel beds at the foot of 
the hills, where copious absorption of water occurs. 

8. '* Careful observation and reflection are, however, against that primd facie 
supposition. It will be shown that before the disturbance of the Siwalik rocks 
(i.e., during the Siwalik period) the Himalayan rivers, great and small, flowed 
just where they now do in the mountains ; so that there is nothing to support the 
supposition that any great elevation or violent movement of any kind accompanied 
the disturbance of the Siwalik rocks ; for they probably were tilted up so slowly 
that the main rivers could pari paesu erode their gorges across the rising strata. 
Another fact of corresponding import is found in the form taken by the Siwalik 
strata under disturbanocw The dAru, or longitudinal valleys occurring so constant- 
ly inside the Siwalik ranges, are generally formed of the topmost Siwalik strata 
in a more or less horizontal condition, rising by a gradual increase of dip to form 
the range outside the dun^ while on the inner side they either abut abruptly 
against the rocks of the inner range, or else are bent up sharply to form that range. 
Such a feature strongly suggests the probability that the final limit of the dis- 
turbance may be no less abruptly marked ; so that beyond the extreme verge of 
the vertical Siwalik strata, these same strata may have remained permanently in 
their original gentle slope of deposition, and would thus be in conformable se- 
quence with the most recent deposits of the plains within a very short distance of 
tiie hills. It is independently intelligible that the slow compressing force to 
which the bending of the strata and the consequent rise of the hills were due, 
would expend itself to the utmost on each flexure before giving rise to a new 
one. 

9. '^ Such a process would of course involve great erosion of the Siwalik 
strata in the immediate region of upheaval ; and there is abundant evidence of 
this, not only in the river gorges and the deep ravines of the minor streams, but 
along the whole outer edge of the hills, where, as a rule, the uppermost gravel 
beds of the plains rest upon the edges of low Siwalik strata near the axis of the 
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flexure, tbe whole of the outer and steeper side of which has been removed. 
Under the supposed conditions of disturbance this denudation would not have 
reached far ; so that within a short distance there might be completely conform- 
able sequence between the Siwalik deposits and those of the actual plains. 

10. '' One important direct observation has been made upon the underground 
constitution of the plains, in the boring for an artesian spring at Ambala to a 
depth of 700 feet. No gravel bed or other water stratum was met with, and the 
boring ended in stiff clay. If this section could be taken as representative, it 
would be conclusive evidence against the supposition of these deposits lying in a 
simple post-Siwalik basin of erosion ; for the bottom of such a basin must at 
Ambala be within a much less depth than 700 feet, and the basal beds in such a 
basin must as a rule be coarse, porous, and water bearing. It is easy to explain 
a possible exception to this rule ; and Ambala is just in the position where saoh . 
an exception would be most likely to occur. It is about 20 miles from thefoot of 
the hills, and this is beyond the distance to which gravel is now swept by the 
small streams and the rain-wash on the steeper slopes near the hills. It is only 
within the range of the great rivers, in the deeper parts of the supposed basin of 
erosion, that coarse deposits must occur somewhere in almost every section, es- 
pecially at or near the base ; and in river-formed deposits such as these, the range 
of the great rivers embraces in time more or less the whole area. Ambala, about 
midway between the Jumna and the Sutlej, and so near the hills, is just in the 
position most likely to escape that influence, as the whole growth of deposits might 
be directly from the hills, or by overflow of finer sediment from the main rivers. 
In this way there might be nothing there to mark the bottom of the basin or 
surface of erosion in so small a section as that given by a boring ; and thus the 
passage from the recent plains deposits into beds of such similar composition aa 
are those of the upper Siwaliks would not be noticed. It can however be affirm- 
ed that the boring did not reach beds that had undergone any considerable dis- 
turbance, for the frequency of alternation of beds in tbe lower part of the boring 
was as g^reat as in the upper part, whereas a very moderate tilting of the lower 
beds would have given a perceptible apparent thickening of the several strata 
passed through by a vertical boring. 

11. *' There is yet to be taken into account a consideration of g^at weight 
in this discussion. It was long ago suggested by Herschell,^ in seeking for a 
prime mover of the forces by which crust movements are effected, that the fami- 
liar process of denudation by the continual removal of matter from steep elevated 
tracts and the deposition of it in adjoining low ground, evidently disturbs the 
equilibrium of strain beneath those areas, causing a tendency to elevation in the 
former and to depression in the latter. Recent researches upon the nature of the 
earth's rigidity entirely confirm that* inference ; and it is the obvious explanaticm 
of the constantly observed fact of .depression in deltas. Borings in the delta of 
the Ganges at Calcutta have discovered land surfaces far below the present sea 
level. Now these conditions occur in a very concentrated form along the fringe 
of the Himalayan border. An enormous amount of detritus is annually swept 
down from the mountains, a relatively large proportion of it being from the 

* lu note 1 to Uabbnge's NiutU Bridg^ewatcr Ti'entise, 2Qd editiou. 
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softer rocks of the Snb-Himalayan hills ; and a relatively large proportion of that 
detritus is deposited in the upper marginal region of the plains. It thus becomes 
a matter of certainty that depression to an unknown extent has taken place in 
this latter area. This view considerably modifies the inference to be drawn 
regarding the lower beds in the Ambala boring as based on the supposition of 
extensive elevation and erosion. The probability would now seem to be that the 
boring did not reach beds of Siwalik age. It is evident that these later conclu- 
sions regarding the underground relations of the plains' deposits render more 
difficult than ever any speculation as to the position or depth of an artesian 
source, although by no means shaking the probability that such sources occur 
there." 

12. These last words show how little dependence was placed upon the hypo- 
thetical condition of a continuous post-Si walik surface of erosion covered by coarse 
deposits beneath the alluvium of the plains. Thus, from quite opposite sides, 
though from the same suggestion of a slow rising of the mountain area and 
depression of the adjoining region, Mr. Oldham and I have independenly shown the 
non-existence of the condition which he has characterised as the fundamental 
assumption for the success of artesian wells. Although in the paper under refer- 
ence I gave ample proof that no such condition was necessary, I must plead 
guilty to having myself exaggerated not only the chance of its occurrence, but 
also its importance. From figure 1 of the experimental results (2. c, plate fac- 
ing page 207), it is apparent that any approach to a complet3 fulfilment of that 
condition would be fatal to success as affording equal capacity for percolation 
throughout, and therefore no compulsion to a rise, beyond what might be due 
to variation of slope. The proclivity to exaggerate the importance of this con- 
dition is the desire to make sure of porous deposits throughout, and their conti- 
nuity from the source of supply ; but it is plain that sufficient assurance on this 
point may be established without the assumption in question. 

13. In the first place there is much misapprehension as to the facts of porosity 
and percolation. Although the statical porosity, the capacity for holding water 
in the interspaces, is the same in granular bodies whether the grains be large or 
small, the dynamical porosity, the facility of percolation, is much greater in the 
latter case, because of the much less surface of contact involving friction. Thus in 
the experiments described in the paper under reference, th3 dischai^e from the 
pipe (fig. 1) was 12 cubic inches per minute when filled with large shot (B. B.), 
and only 5 when filled with small shot (No. 8), the discharge from the same 
pipe when free being 322 cubic inches. A great mistake is however made in 
applying this fact to rocks. Conglomerates and gravels are not, except very 
rarely, made up only of large and small stones ; there is always a matrix, gene- 
rally of sand ; so that in point of fact, gravel is less porous than sand, for every 
pebble is so much potential porosity abstracted. Sand of some sort is there- 
fore, in every case, the effective medium of percolation. The maximum or 
normal porosity of a body composed of equal spherical grains, is about 40 per 
cent.* 

> The Ganges sand at Narora is stated b}- Colonel Brownlow, K.E., to absorb 25 gallons of 
water to tlje cubic foot, i.e., 40 per cent. 
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14. Next as to distribution : from Mr. Oldham's rongh statement of the case it 
woald be understood (though of course he did not mean it) that only clay depo< 
sists take place at a distance from the upper margin of the plains, but as a fact 
it is certain that the g^at rirers bring down sand in abundance to the yerj 
delta. In the total burden of solid matter discharged from the mountains, sand 
is certainly the chief ingredient, and I do not see how it can be doubted that such 
deposits were more or less freely continuous throughout the areas over which 
these riyers spread. The occurrence that took place last year in sinking a well in 
the Ganges for one of the piers of the railway bridge at Benares, when the 
well was burst by a sudden influx of water from below a bed of clay rising 
to a greater height than the river water outside the well, proves that partial 
artesian conditions exist at shallow depths, near to the lower maigin of the 
plains. It is in the areas of tranquil inundation between the great rivers that 
deposit of clay prevails. The alternation of the two kinds of deposit is secured by 
the necessary process of growth whereby depositing rivers must in time change 
their course impartially over their basin of deposition. In taking the AmbAla 
boring as a type of what may be expected in the plains, Mr. Oldham has ignored 
how peculiarly its position excludes it from being taken in that sense as is ex- 
plained above (§ 10). In sinking the piers of the Jumna bridge east of Amb&la 
at the same distance from the hills, large boulders were found at 40 feet below the 
bed of the river. It is no doubt conceivable that even in the open plains some 
spots may have successively escaped any adequate amount of sand deposits during 
the repeated oscillation of the great rivers ; but on this point also much misappre- 
hension exists as to what occurs in nature. In an official discussion upon tlus ques- 
tion, it was ui^ged that the possible porous layers in these deposits would be re- 
presented by long strips corresponding with the courses of the great rivers, the idea 
being taken from the rivers of Upper India as now exhibited. But this is mislead- 
ing ; for these rivers now for the most part run in valleys of erosion, and are not 
adding to the adjoining plains. The state is very different under formative oondi* 
tions, when the river in flood runs at the general level of the country and distributes 
its branches over a wide area, as is now the case with the Brahmaputra in Upper 
Assam. I therefore maintain that there is a strong presumption that porous beds 
do occur at various depths oyer a large proportion of the plains, and that i^ey 
are almost necessarily in connection with like deposits up to the base of the 
hiUs. 

15. Any one who has realized the process of grovrth of the plains deposits as 
indicated above, can have no difficulty in meeting the objection suggested by Mr. 
Oldham as to the state of things at the origin of the deposits, which is the 
third condition of success. Even granting his main contention that as the 
mountain border rises or the plains are depressed there is a growing tendency to 
widen the zone of coarser deposits by extension over fine deposits that had 
previously been laid down, the whole argument is only valid against the aforesaid 
fictitious "fundamental assumption." Though the ultimate general tendency 
may be as stated, it is quite certain that from the beginning the process was exceed- 
ingly irregular ; that while the streams were pushing their coarser deposits io one 
direction, the finer deposits in the other direction must have encroached upon the 
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coarser deposits of a previous period,^ and so the resnlting straotnre of the^de. 
posits in this region mnst be an entanglement of projecting wedges of coarser 
deposits between sheets of non.poroos beds, thus producing the conditions most 
faTOurable for artesian sources as illustrated in the experiments given in my paper 
(l.o, p. 207) — a large sectional area of water*holding deposits at the head of 
supply, tailing off into beds of less capacity and between impervious beds. If 
there were any need to do so for the present argument) I think that a strong 
case might be made for an extension of the early post-Siwalik bhdbar much 
beyond the range of the actual hhdbar. The apper edge was certainly tsonsi* 
derably nearer the plains originally than at present ; for now it for the most part 
occurs along the axis of flexure, in contact with middle Siwalik strata, having 
overlapped the denuded edges of the Siwalik conglomerates ; and it seems to me 
highly probable that in the early stages of Siwalik elevation, when the now 
buried conglomerates were under active denudation, the resulting hhdbar may 
have reached much beyond the present limits of this zone, beneath the finer de- 
posito of the present plains. I do not think that the fact of such depression as 
contemplated by Herschell or Mr. Fisher would practically have any direct effect 
upon the conditions of water percolation as originally established in the process of 
deposition. 

16. When I first noticed in 1864 (Memoirs III, pp. 182-5) that there seemed 
a fair chance for successful artesian borings in the Gangetic plains, although Sir 
John Herschell's pregnant suggestion was in view (Z.c. p. 198), I did nob then 
consider the point which we have now shown to have little practical bearing on 
the question. My recommendation was based on the general aspect of the oon- 
ditiond. In 1867, a definite "project for a boring at Amb^la was referred to me 
for opinion. I then referred to a number of successful artesian borings in 
analogous positions, and quoted them as confirming my originial recommenda- 
tion.* These examples were particularly instructive in showing how little did 
success depend upon any regularity in the deposits ; how, among the promiscuous 
interlapping of flu viatile deposits, the continuity of water-bearing strata is somehow 
and in variable degrees sustained. Thus, when it came to the point, my recom^ 
mendation rested chiefly on instances of success under like conditions, leather 
than upon theoretical grounds. On the occasion of successful artesian borings at 
Pondicherry, I again took up the question and discussed it in a more systematic 
manner in the paper under reference (supra, XIV, pt. 3), giving nnmerous 
examples. That at Venice may again J^e referred to with advantage in the present 
connection. It is in a deltaic area, below a broad bhdbar zone which rests against 
disturbed pliocene strata at the foot of the Alps, the features thus in eve^ respect 
corresponding to those in the case under consideration. The area, too, is one of 
considerable depression ; the boring begins at about sea-level, and several old land 

* Close to Hardw^r, within the month of the ^rg^ of the Ganges through the Slwaliks, a hed 
of stiff clay is seen resting opon coarse boulder gpraveL Memoirs, Vol. HI, pt. 2, p. 153. In the 
Siwaliks themselves the ontermost (highest) beds seen are alternating clays and coarse conglomer- 
ates dipping at 80^ towards the plains. Ibid, p. 118. 

' The papers are published in No. 178 of Selections from the Records of the Qovemment of 
India, Home Department, p. 47. 
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surfaces were passed through to a depth of 400 feet . No coarse deposits of any 
kind were struck within the depth explored (422 feet), only clay and sand with the 
occasional layers of peat that had once formed the land surface. The copious 
water bed occurred in sand at a depth of 200 feet. The circumstances of the 
Gangetic plains differ only in respect of magnitude. This is no doubt in itself 
presumably adyerse, owing to the greater friction to be overcome in the percola- 
tion of the water stratum. On the other hand, these relative magnitudes are often 
self-compensating, and it would, I think, be a mistake to decline experiment in 
a matter of such importance for theoretical reasons of uncertain applicability. 

17. After careful reconsideration of the whole case in the light of the rather 
imaginary difficulty raised by Mr. Oldham, 1 have to reaffirm my conviction that 
there is reasonable prospect of success. 

18. It is most unfortunate for the cause that the experiments that have so far 
been made were fixed upon solely on grounds of local need, and not as in any d^^ree 
favourable sites for testing the conditions. It has been shown above that Amb^la 
is in a position most likely to be out of reach of water-bearing deposits, compara- 
tively near the hills and midway,, at a considerable distance, between the great 
rivers which are the vehicles for such deposits ; and now a trial on a large 
scale is being made at Agra, for which I am in some degree responsible. 
I could not day there was no chance of success, but I did not fail to say it was 
about the last place I should choose for a trial boring. In discussing the question 
with the engineer who was getting up the projects for the water-supply at Agra, 
my written opinion was as follows : — " Agra is not perhaps the most propitious 
position for a boring, and if I were starting a series of experimental borings, I 
would not begin there, because of its much greater proximity to the south margin 
of the basin, while the water-supply to be expected would, I think, be from the 
north. Although Agra is now at the lowest point of the basin, the hollow of the 
original depression was much more to the north, the change being due to the 
more abundant supply of detritus (by rain and rivers) from the north, and the 
consequent encroachment and overlap of deposition from that side. Thus the 
boring at Agra will be in deposits having a different source of origin from those 
through which the water-supply is expected ; and although the strata are contem- 
poraneous and in the same basin, the continuity of porous or non.porous strata, and 
hence the connecied percolation, may not be as free as if the boring were altogether 
in beds of northern derivation." Subsequently, in answer to a formal reference 
from the Government of the North- Westejn ^Provinces on the subject, I wrote 
(1st December 1881) — " It only remains for me to say that the grounds of possi- 
bility an^ hope are sufficient to recommend another trial. In order of merit I 
would choose Bareilly, Shajehanpore, Fyzabad, and Lucknow as propitious 
positions. Regarding Agra, I have already given an opinion, quoted in Major 
Jacob's report on the water scheme for that place. Although holding that an 
artesian spring would not be hopeless there, I was careful to point out that it was 
by no means a propitious place for a new venture, on account of its great distance 
from the northern sources and its actual proximity to the southern edge of the 
basin.'' It is obvious that the friction difficulty will be at its maximum here, and 
the free connection with the head of underground water at its minimum. On the 
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19th of February the boring had attained a depth of 481 feet, with the section 
given in the following table. The thin bands of sand Nos. 30 and 32 are pro- 
bably isolated in the clay. The experiment certainly cannot be considered as fairly 
completed at this depth. 



Section of Artesian boring at Agra, 1884-85. 



No. of 
bwJL 


ThicknMs of 
bed. 


Depth. 




1 


16 




16 




Loam. 




2 


10 




26 




Sand, loamy, with small ka&kar. 




8 


10 




86 




„ loamy. 




4 


8 




44 




„ fine. 




6 


19 




68 




Clay, loamy. 




6 


27 




90 




Sand, loamy (sweei water). 




7 


20 




110 




Kankar and sand. 




8 


29 




139 




Sand, white, and sandgtone (water hrackisli). 




9 


5 




144 




„ white with kankar. 




10 


22 




166 




Clay, loamy. 




11 


68 




224 




>» 




12 


56 




280 




„ loamy. 

„ and kankar. 




13 


16 




294 






14 


2' 


6" 


296' 


6" 


Kankar. 




16 


V 


6" 


298 




Clay, loamy. 




16 


8' 


6" 


801' 


6" 


>f 




17 


1 




302' 


6" 


Kankar. 




18 


8' 


6" 


811 




Clay. 




19 


1 




812 




Knnkar. 




20 


15 




827 




Clay. 




21 


11 




888 




Sand, lonmy. 




22 


7 




845 




„ red, and kankar (a little water). 




23 


15 




860 




Loam. 




24 


1' 


6" 


861' 


6" 


Kankar. 




25 


18' 


6'' 


880 




Clay and kankar. 




26 


10 




890 




„ loamy. 




27 


4 




394 




>9 




28 


2 




896 




Kankar. 




29 


44 




440 




Chiy. 




80 


8' 


9" 


442' 


9" 


SmiuI running, full of water. 




81 


28^ 


9" 


467' 


6" 


Clay, loamy. 




82 


8 




470' 


6" 


Sand niuning, full of water ; some large angular 
quartz and felspar. 


grains of 


- 83 


10' 


6" 


481 




Clay. 




84 




•• 






Sand (dry), with small ferruginous concretions. 





Notes on the Geology of the Aka Hills, Assam, by Tom D. LaTouche, B.A., 
Oeological Survey of India. (With a map.) 

In December of last year (1883) I obtained permission to accompany the ex- 
pe^tion against the Akas, a tribe oocnpying the Lower Himalayas to the north 
of Tezpnr in Assam, between the Bhntias and Daphlas. Although these hills 
had not been, surveyed before, yet the observations made by Colonel Godwin- 
Ansten in the Daphia hills aboat 40 miles to the east, and published by him in 
the Joninal of the Asiatic Society of Bengal, Vol. XLIV, Pt. II, had shown a 

Q 
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sequence of rocks similar to that fonnd by Mr. Mallet in the Sikkim area to the 
west (Mem. Geol. Snrv., India., Vol. XI, Pt. I), and therefore it was probable 
that, as the Aka hills are physically continnons with those on either side, the 
same rocks would be found in them, and this I found to be the case. Represen- 
tatives of the rocks described by Mr. Mallet as occurring in the Teesta valley, viz.. 
Tertiary, Damuda, and Daling, were found in situ, and judging from the number 
of boulders of gneiss brought down by the rivers crossed during the expedition, 
there is no doubt that this rock forms a great part of the country to the north 
of the Daling seines. 

The first hills met with to the north of Tezpur form a long^ridge on the south 
bank of the Borholi river, rising to 800 or 900 feet above the plains of Balipara. 
This ridge is of pleistocene age and consists entirely of an unstratified drift of 
well rolled boulders and pebbles derived from the hills to the north, gneiss and 
granite being the predominating rocks. Quartzites and hard sandstones from 
the Damudas and Tertiaries are also common. To the north of the Borholi, 
following the route taken by the expedition up the Diju stream, similar beds of 
drift form low hills and terraces on either side of the stream for 7 or 8 miles. 
This great accumulation of diift is probably the result of torrential action due to 
the greater extension of the Hinialayan glaciers in post- tertiary times. 

About 8 miles from the Borholi, the Diju valley becomes narrower, and beds 
of tertiary rocks are seen in situ on the banks of the stream. These are light- 
grey sandstones, with beds of shale, sometimes carbonaceous, much crushed and 
locally contorted, dipping to north-east at %>%>*. Fui-ther into the gorge other 
exposures are seen of micaceous fissile sandstone with shales dipping always at 
high angles to the north-east and becoming vertical at camp No. I, about 12 
miles from Dijumukh. In a large boulder of the sandstone in the bed of the 
stream, I noticed a fossil tree trunk about 1 foot in diameter, coated by a 
layer of lignite one inch thick, but one found no lignite in situ, nor did I see any 
fossils. 

At camp No. 1, the path left the Diju and led over a ridge about 1,200 feet 
above the stream to camp No. 2 on the Maj Borholi. Owing to the dense jungle 
I conld find no sections of the rocks forming the ridge, but the fragments on the 
path were all of brown ferruginous sandstone. 

In the Maj Borholi valley the rocks exposed were entirely different from tbe 
soft tertiary sandstones of the Diju, and consisted of hard grej quartzitic sand- 
stones interstratified with carbonaceous shales and seams of coal, the whole much 
crushed and contorted. * A good section was obtained in a small stream running 
north into the Maj Borholi at camp No. 2. Here the rocks were dipping at high 
angles to the south, and the following beds were exposed, in descending order : — 

Fr. Ins. 
Light coloured qunrtsitic sandstones, much jointed . . about 20 

ijhnlea with bands of sandstone 1 u> 2 feet thick .... 45 

Coal, fairly constant in thickness ...... 16 

lilack shales .......... 80 

Dark grey sniulstone ........ 20 

Uiird dark coloured »nndv shuUs .•••.» 80 
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Ft. Ins. 

Coal, thickness Tariable, much crashed over 1 

Light grey coarse quortzite with strings of flaky coal . • . 60 

I>ark coloared snndy shales ....... 50 

Coarse hard grey qnartzitic rnndstone . . . .- about 8 

Light coloured shaly sandstone ...... 60 

Black shales, centre portion very carbonaceous .... 40 

Soft grey micaceous sandstone • . . . 14 

Hard dark coloured micaceous sandstone and sandy shales 
with a thin seam of flaky coal at the base ..... 25 

Hard grey qnartzitic staudstone ? 

Above this section slips have ocourred in the sides of the gorge, and where the 
rocks appear again they are so mnch contorted and crushed that it is impossible 
to identify the different beds, or to form any correct estimate of the thickness of 
the whole series. The Borholi above the camp runs along the strike of these 
beds, and outcrops of carbonaceous shaJe and coal occur at intervals for about 
2 miles up the river ; outcrops also occur on the north bank. On the return route 
from Jamiri to Balukpung, about 8 miles to the west, I was unable to identify 
this band of coal-bearing rocks with certainty owing to the dense jungle, but 
near the camp between Jamiri and the Borholi, we crossed some carbonaceous 
shales on the same line of strike which are probably a part of this series. These 
coal-bearing rocks are identical in position and composition with the Damudas 
described by Mr. Mallet in the Sikkim area, and found by Colonel Godwin- 
Austen to the east in the Daphla hills. 

From camp No. 2 the path led over a jungle-covered ridge to the north, 
rising to 4,000 feet above the Maj Borholi, and descended about 3,000 feet to the 
T'eng^ Pani. Blocks of a micaceous slaty schist were common on the path, and in 
the Tonga Pdni this rock was seen in situ, striking east and west, and nearly verti- 
cal. Some of the beds were very fine-grained and fissile, and might do for roof- 
ing slate, but their distance from the plains and the ruggedness of the country 
between render them practically useless. To the north of the Tonga Pani simi- 
lar slaty schists form the ridge on which the Aka villages Mahdis and Labris 
are situated, rising to 6,000 feet above sea level, and extend to the west to and 
beyond the village of Jamiri, where they are silvery greenish mica schists, some- 
times slightly talcose. These rooks are probably the equivalents of the Daling 
slates and schists of Sikkim, but I nowhere found any dolomitic beds or repre- 
sentatives of the Baxa beds as described by Mr. Mallet. And as I found no sec- 
tions showing the junction of the Damudas and Dalings, I .cannot throw any 
light upon the question as to which of these series is the older. 

As to the practical importance of the coal seams in the Damudas, very little 
need be said. Even if the seams were thick enough to be worked, and not broken 
up and crushed as they are, their distance from the plains and the difficulties of 
transport would prevent their being worked with profit, especially as there are 
much larger coal-fields in Assam, and more easy of access, which have never been 
touched as yet. Even in the Teesta valley, where these Damuda beds contain 
thicker seams of coal close to a line of railway, the attempts to work them have 
so far resulted in failure, principally owing to the crushed condition in which the 
coal occurs, and the consequent necessity for a costly process to consolidate it. 
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Of otber minerall^prodncts the country appears to contain little or none. The 
tertiary rocks contain a little lime which* is here and there deposited as tufa by 
streams on the face of cliffs, and doubtless there are layers of lignite, but neither 
of these exist in'sufTicient quantity to be of any use. 



On tJie alleged tendency of the Arakan Mad Volcanoes to hurst into eruption most 
frequently during the rains ; by F. R. Mallet, Depnty Superintendent, Qeohgi' 
cat Survey of India, 

On the 10th December 1884 an eruption occurred from one of the Cheduba 
Mud Volcanoes, concerning which we have not as yet received any information 
officially. It was, however, witnessed by Captain H. G. Creft, Commander of 
the British India Steam Navigation Company's vessel Gooonada, while passing 
through Cheduba Straits, and, in a letter received from him on the subject, Captain 
Creft describes the eruption as having been " of very short duration, not moro 
than eight minutes, but while it last<ed the flames must have been quite 400 feet, 
accompanied with large volumes of smoke." 

As mentioned in a previous volume,^ a notion is prevalent amongst the Ara- 
kdn Islanders that eruptions from the mud volcanoes Occur more frequently dur- 
ing the rains than at other times of the year. Were such an idea confined to the 
islands in question, it might possibly not be worth much investigation, but a 
very similar one is entertained with reference to the mud volcanoes of Java, 
which are said to explode most violently in the wet season. The main object held 
in view in Recording the Arakdn eruptions is the collection of sufficient materials 
for putting the truth of such supposed periodicity to the test. To generalise 
with safety, a far more extended record must be available than exists at present, 
but, pending the growth of such, it may be of some interest to place together 
the materials which have been collected up to the present time. Altogether the 
dates of 13 eruptions are accurately known. 



LoCAtlTY OT VOLCAKO. 


Date of Kruption. 


Reference* 


Near Kynnk Pya .... 




26th Aug. 1883 


Vol. XI. p. 197. 


Difto .... 


, 


3-i A.M., 2:)nl March 1839 . 


Ditto. 


Ditto .... 


, 


11 P.M., 6th Fob. 1843 


Ditto. 


Snbmnrine, « little S. of Fal««e Ulnnd . 


, 


7 or 8 A.M., 26th July 1843 . 


Vol. XI. p. 198. 


Subninrine, S. f E. from W. Haronjja Iglnnd . 


6 or 7 P.M., 2Ma Jan. 1845 . 


Ditto. 


Near Eyauk Pyu .... 




8-46 PM., 25th Oct 1846 . 


Vol. XI, p. 199. 


Near Peu-lay-na, Rdmri Isliind . 




7 A.M., 19th March 1878 ' . 


Vol. XII, p. 70. 


S. of Cheduba P . • . . 




12th Mnrch 1879 . 


Vol. XIII, p. 206. 


Near centre of Cheduba 




8 a.m.. 27th Feb. 1881 


Vol. XIV, p. 196. 


South part of Chedaba 




7-55 A.M., 3l8t Dec. 1881 . 


Vol. XV, p. 141. 


Minbyin Circle, Cbcdnba . 




23rd March 1883 . 


Vol. XVI, p. 204. 


Minbyin Circle, Cheduba (wirae Vol. as 


that 


8 A.V., 28th April 1884 


Vol. XVII. p. 14a. 


of 31-12-81). 








Cheduba 


• 


lOth Dec. 1884 . 


Vol. XVIII, p. 124. 



1 VoU. XI, p. 201. and XII, p. 70. 

' There is no renaon to Buppose that ernptiona were leas frequent between 1846 and 1878 than 
before and after thoRe dates, the fifap being doubtless due merely to the imperfection of the record. 
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Averaire Monthly 
BaiDfall. 


1 


•10 


2 


•06 


4 


•30 


1 


•96 





1012 





41-72 


1 


46-62 


1 


89-39 





21-23 


1 


10^41 





419 


2 


34 
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In the following table are given the number of eruptions that occurred in each 
month, and the avern^ monthly rainfall at Kyauk Pyu (deduced from the obser- 
vations of 17 years) ^ : — 



In Jflnnnry 

„ February ....... 

„ March .... ... 

„ AprU 

>• May 

„ June .....•• 

*> Jwly 

,, August ....... 

„ September ....... 

„ October 

„ November ....... 

„ December 

Total . 13 175-44 

From this it appears that, out of an annual rainfall of 175*44 inches, 173*68 
inches fall in the seven months between the beginning of May and the end of Nov- 
ember, while only 1*76 fall in the five months between the 1st of December and 
end of April. Of the 13 eruptions 10 occurred during the five dry months, while 
only three took place during the seven wet ones. The observations, therefore, 
as far as they go, tend to suggest a conclusion exactly the reverse of that held by 
the inhabitants of the islands. It is interesting to note in this connection that 
(as remarked by M. Dubois de Montpereux)' out of six eruptions from the mud 
volcanoes near the entrance to the sea of Azov, five occurred between the begin- 
ning of Februaiy and the 10th of May, or at just the time of year when the dates 
given seem to indicate that eruptions from the Arak&n volcanoes are most fre- 
quent. 

Although scarcely capable of being regarded as more than a curious coinci- 
dence, one cannot but notice the large proportion of eruptions which have occur- 
red within an hour or two of sunrise or sunset. At night, and during the hottest 
hours of the day, when people are less out of doors, the chance of an eruption 
escaping notice is perhaps somewhat greater than at other times. 

Another point attracting the attention is that, while several of the earlier 
eruptions took place near Kyauk Pyu, nearly all tho later ones have burst forth in 
Ghedaba, suggesting that the main focus of activity may have shifted during the 
last few decades. But the list is so imperfect, and so many eruptions may have 
escaped record, that any generalisation must be regarded with the greatest cau- 
tion. 

> Report on the meteorology of India in 1882, p. 120. 
• Vol. XI, p. 201. Geological Observer, p. 475. 
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Analyses of Phosphatic Npdules aind Rock from Musaooree ; hy P. R. Mallet, 
Deputy Stiperintendent, Oeologtcal Survey of India, 

In the last volume of the Records^ an account is given of the discovery, by 
the Rev. J. Parsons and Dr. Warth, of phosphatic nodules and rock at Mussooree. 
Their chemical examination was taken up by my colleague Mr. E. J. Jones, who 
made qualitative analyses of both materials, and had commenced quantitative ones, 
when a severe illness obliged him to suspend the work, which he was subsequently 
unable to resume owing to his leaving Calcutta for work in the field. As soon after 
my return from furlough as other duties permitted, therefore, I submitted (12 of) 
the nodules and the rock to quantitative analysis, with the results given below.* Mr. 
Jones' estimations of the phosphoric acid (the only constituent he weighed) agree 
with those now given within one or two per cent., a result as close as could be 
expected from the analysis of two different samples. How far the discrepancy (in 
as far as the relative proportions of alumina and lime are concerned) between the 
composition inferred from Mr. Jones' qualitative examination, and that given 
below, should be ascribed to want of equality of composition in the difPerent 
samples operated upon, and how far to undue reliance being placed on mere 
qualitative results, which circumstances prevented being checked by quantitative 
estimations, is perhaps open to question. 



Phosphoric anhydride 



Nodules. Rock. 

. 34*70 s tricalcic phosphate 30*16 » tricalcic phosphate 



76*75. 



65-84. 



Lime 




. 46-42 . 


. 39-21 


Magnesia 




•30 . 


. -55 


Alnmina 




} 8*60 . 


( 5*58 


Oxide of iron 




• i 2-68 


Solnhle silica 




•20 . 


, -35 


Insoluble siliceoas matter 




] 9 57 . 


IROd 


Bariam sulphate . 




, , Hf \f\t 


Carbonaceoas matter 




. -98 . 


. -92 


Loss on heating to lOOC 




•82 


. -58 


Carbonic acid, salphnric anhydride, fluo- 4*01 


. 8*96 


riue, undet» and loss. — — ^ 








10000 


100-00 



The amount of carbonic acid and fluorine in the nodules is greater than in the 
rock, only traces of fluorine occurring in the latter. This element was not esti- 
mated separately, and only a portion is included amongst the last-mentioned con- 
stituents. There is a somewhat considerable quantity of barium sulphate in the 
rock, much more than in the nodules. 

Both substances, and especially the nodules, are of high standard as mate- 
rials for the manufacture of artificial manure. 

^ Page 198. 

3 It IS nnfortnnate that the estimation of lime»gi7en at page 64, which was madeat a time when 
I was too fully occupied to undertake, or fully supervise the work, was published. The result, 
owing t<» the metliod employed, was not supposed to give more than a rouirh approximation, although^ 
of course, the great discrepancy between the amount then obtained and that given below must be 
due to some error in analysis. For this, however, the operator is in no way bUmeable^ as he was 
quite a beginner at such work. 
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ADDITIONS TO THE MUSEUM. 

FSOM IST JANUiLRY TO 31 8T MaRCH 1885. 

Two foBsil turtles, lower eocene ; one from 10 ft. below the coal at Nila, Salt Range, Panjab ; 
and the other, from above coal outcrop at Hillanwala near Dandot, Punjab. 

Presented by Db. H. Warth. 

Foar Bpeclmens of fossil plants from Giridih, Bengal. 

Presented by Mr. J. Wood-Mason. 
Specimen of a mottled qnartzite from the Kharakpur hills, Monghjr. 

Presented bt Mr. D. Moribs, Durbhakoa. 
Two specimens of native gold in calospar, one with Malachito, said to be froqi one of the 
Khetri mines, Rajputana. 

Presented by Dr. J. B. Stratton, Political Agent, Jbyfur. 
Two specimens oF grindntones of Bartfkar sandstone, one measuring 3' 6* diameter and 5*^ 
thick, and the other 10* diameter nnd 2* thick^ quarried at Barakar. 

Presented by the Bengal Stone Co. Ld., Howbah. 
A specimen of blende from Kashmir. 

Presented by Libvt.-Ool. Sir Oliver St. John, K.C.S.I., R.E., Eashv ie« 
Specimens of mica, garnet, epidote, egeran, &c., from the Tonk district. 
Presented by Lieut.-Col. W. J. W. Muir, Political Agent in Uarowtbe and Tonk. 



ADDITIONS TO THE LIBRARY. 
From 1st January to 31st March 1885. 

Titles of Boohs, Donors, 

Andr£, George (7.—A descriptive treatise on mining machinery, tools, and other appliances 
used in mining. 2 Vols. 4° London, 1877—1878. 

Baylby, Thomas. — The assay and analysis of Iron and Steel, Iron ores and Fuel* 8^ London, 
1884. 

Baubbman, Hilary, — Text-book of descriptive Mineralogy. 8° London, 1884. 

Booth, M, X.— The Marble-workers* Manual. Designed for the use of marble- workers, 
builder.«, and owners of houses. TransUted from the French. 8° Philadel- 
phia, 1876. 

Bronn's Klassen und Ordnungren dcs Thier-Reichs. Band YI, Abth. IV, Aves, Lief. 10 ; and 
Band 1. Protozoa, Lief. 28. 8** Leipzij^, 1885. 

BucH, Leopold von. — Gesammelte Schriften. Band lY, heft. 1—2. 8** Berlin, 1885. 

BucHBR, Charles JS. — Some abnormal and pathologic forms of fresh-water shells from the 
vicinity of Albany, N. Y. 8* Pam. Albany, 1884. The Authob. 

Charlbton, Arthur O. — Tin : describing the chief methods of mining, dressing, and 
smelting it abroad. With notes upon arsenic, bismuth, and wolfram. 8** 
London, 1884. 

Cotta, Bemhard von, — Rocks classified and described : a treatise on lithology. An English 
edition by Philip Henry Lawrence, with English, German, and French 
synonyms, revised by the author. New edition. 8° London, 1878. 

Dacobta, Lewis. — ^A translation of the Deewan Pusund, being a treatise on Agriculture and 
Revenue Accounts ; to which is appended a short essay on husbandry as 
applicable to the province of Behar. 4** Calcutta, 1824. 
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TitUs of Books, Donors, 

1>ANA, Edward Salisbury, — A text-book of Mineralogy. With an extended ti-eatise on 

Crystallographj and rhysicnl Mineralogy. 10th edition. 8** New York, 

1884. 

Davidson, 7%umatf.— Monogi-aph of the British Fossil Brachiopoda. Vol. V., pt, 3- (Pal. 

Soc.) 4** London, 1884. 
DupoKT, Edouard,—LA chronologie g^ologique. 8" Pam, Bruxelles, 1884. Thb Authob. 
Gabdnkb, John Slarkie, — Monograph of the British Eocene Flora. Vol. II, part 2. (Pal. 

Sou.) 4P London, 1884. 
Gbaham, David Allan, — A treatise on the comparative commercial values of gas coals and 

cannels. 8° London, 1882. 
Haoa, ^.— Nederlandsch Nieuw Guinea en de Papoesche Eilanden. Historische Bijdrage 
1500-1883. 8^ Batavia, 1884. Thb Batayiak Socibtt. 

Hue, M, — Ti-avels in Tartary, Thihet, and China, during the yeai-s 1844-5-6. Translated 

from the French by W. Hazlitt., 2 Vols. 8" Loudon, no date. 
JoNBs, T. Buperiy Eibeby, James W„ *and Bbady, George &— Monograph of the British 
Fossil Bivalved Entomostraca from the CSiirboniferous formations. Part I, 
No. 2 (Pal. Soo.) 4° London, 1884. 
KiKAHAN, O, IT.—Notes on some of the Irish Crystalline Iron Ores. 8^ Pam. Dublin, 1884. 

Thb Authob. 
„ Notes on the earthquake that took place in Essex on the morning of 

April 22, 1884. 8** Pam. Dublin, 1884. Thb Authob. 

KiBKFATBiCK, Colofiel, — An account of the Kingdom of Nepaul, being the substance of ob- 
servations made during a mission to that country in the year 1793. 4* 
London, 1811. 
Kbbl, Pruno.— The Assayer's Manual. An abridged treatise on the docimastic examination 
of ores, and furnace and other artificial products. Translated fi'om tha 
German by William T. Branut, and edited by William H. Wahl. 8° 
Philadelphia, 1883. 
Ltdbkkbb, hiehard, — Catalogue of Vertebrate Fossils from the Siwaliks of India in the 
Science and Art Museum, Dublin. 4^ Pam. Dublin, 1884. 

The Authob. 
•» Note on the distribution in time and space of the genera of Siwalik 

Mammals and Birds. 8"" Pam. London, 1884. 

Thb Authob. 
n Note on a new species of Merycopotamus. 8^ Pam. London, 1884. 

Thb Authob. 

>, Note on three genera of fossil Artiodactyla, with description of a 

new species. 8° Pam. London, 1885. Thb Authob. 

Ltmak, Benjamin iSlwiVA.— Topography of the Punjab Oil Eegion. 8** Pam. Philadelphia, 

1872. Thb Authob. 

Mabvin, Charles, — The petroleum industry of Southern Russia. 4° London, 1884. 

NoETLiMG, jP.— Die Fauna der baltischen Cenomau-Geschiebe. 4'' Berlin, 1885. 

Thb Authob. 
PaMontoIogie Fran^aise, 1**. S^rie, Animaox Invert^br^s. Terrain Jurassiqne, livr. 72-75. 

S" Paris, 1884. 
QuBHSTBDT, I^. -itf^'.— Haudbuch der Petrefaktenkunde. Auflage III, Lief. 19.20. 8* 
Tubingen, 1884. 
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TOUm of Books, Donors, 

Rbclus, £lis4e. — Noovelle Q^ographie Universelle Vol. X. L'Afriqne Beptenfcrionale, Ire 

partie, Bassin da Nil. 8*" Paris, 1884. 
SoHWABZ, C 17011. — ^Report on the financial prospects of iron working in the Chanda district, 

flsc. Pam. Calcutta, 1882. 
„ Reports on iron working in the Raniganj sub-division of the 

district of Burdwan in Bengal, flsc. Pam. Simla, 1882. 
Sblwtk, Alfred R, C, and Dawsom, George M. — Descriptive sketch of the physical geo- 
graphy and geology of the Dominion of Canada. With geological map. 

8^ Pam. Montreal, 1884. Gbol. and Nat. Hist. Subyet of Canada. 
Sleeman, Sir William H. — A journey through the kingdom of Oude in 1849-1850; by 

direction of the Right Hon'ble the Earl of Dalhousie, Governor General. 

With private correspondence relative to the annexation of Oude to British 

India. 2 Vols. 8*" London, 1858. 
SicTTH, £ ^rotf^A.^-Hints for the guidance of surveyors and others in collecting specimens 

of rocks, Ac. 8"* Pam. Melbourne, 1871. 
8pon, Ernest ^ F, i^.— Dictionary of Engineering, Civil, Mechanical, Military, and Naval. 

With technical terms in French, German, Italian, and Spanish. 3 Yols., 

Edited by Byrne and Spon. 8^ London, 1874. 
»f Supplement to Spon's Dictionary of Engineering, Civil, Mechanical, Mili- 

tary, and Naval. Edited by Ernest Spon. 8** London, 1881. 
Stubs, MichaeU—kik account of an embassy to the Kingdom of Ava sent by the Governor 

General of India in the year 1795. 4^ London, 1800. 
Thomson, Sir C. Wytnlle, and Mttbbat, John, — Report on the scientific results of the 

voyage of H. M. S. "Challenger" during the year 1873-1876. Vol. X, 

Zoology. 4'' London, 1884. Sbcbstabt of State fob India. . 

Tbton, Oeorge W. — Structural and Systematic Conchology : an introduction to the study of 

theMoUusca. Vols. 1—3. S"" Philadelphia, 1882-1884. 
WooDWABD, Henry, — Monograph of the British Carboniferous Trilobites. Part 2. (Pal Soc.) 

4'' London, 1884. 
Wbtght, I^offMM.— Monograph on the Lias Ammonites of the British Islands. Part 7. 

(PaL Soc) 4** London, 1884. 



PERIODICALS, SERIALS, Ac. 

American Journal of Science. 3rd Series. Vol. XXVIII, No. 16S, to Vol. XXIX, No. 170. 

8^ New Haven, 1884-1886. The Editobs. 

American Naturalist, Vol. XVIII, No, 11. 8* PhiUdelphia, 1884. 
Annalen der Physik und Chemie. Neue Folge. Band XXIII, Heft 4, and Band XXIY, 

Nob. 1—2. 8** Leipzig., 1884-1886. 
Annales des Mines. 8"* Stfrie. Vd. VI, livr. 4. 8* Paris, 1884. L'Admins. dbs Minis, 
AnnalesdesSeiencesNaturellea. Botanique. 6^""* S^rie. Tome XIX, Nob. 1—6, and XX, 

Nofcl— 3. 8^ Paris, 1884. 
Annales des Sciences Naturelles. Zoologie et PaMontologie. e^'S^rie. Tome XVII, Nos. 3— 4, 

S"" Paris, 1884 
Annals and Magazine of Natural History, e*** Series. Vol. XV, Nos. 86—86. 8° London, 

1886. 

H 
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7?itles of Books. Donors, 

Archiv fiir Naturgeschichte. Jahrg. XLVIII, Heft 6, and L, Heft 3—4. 8"* Berlin, 1883 

and 1884. 
Athenaum. No». 2981—2992. 4** London, 1884-1885. 
Beiblatter za den Annalen der Physik und Ghemie. Band YIII, No. 12, and Band IX, 

No. 1. 8° Leipzig, 1884-1885. 
Biblioth^que UniverseUe. Archives des Sciences Physiques et Natarelles S"' Pdriode. 

Tome XII, Nos. 10—11. 8'' Geneve, 1884. 
Bibliothfeque UniverseUe efe Kevue Suisse. . T" P^riode. Tome XXIV, Nos. 71—72. 8" 

Lausanne, 1884. 
Botanischer Jahresbericht. Jahrg. X, Abth. I, Heft 1. 8° Berlin, 1884- 
Botanischen Central Blatt. Band XX, Nos. 10—13, and XXI, Nos. 1—8. 8** Cassel, 1884- 

1885. 
Chemical News. Vol. L, No. 1307, to Vol. LI, No. 1318. 4** London, 1884-1886. 
Colliery Guardian. Vol. XLVIII, No. 1249, to Vol. XLIX, No. 1260, fol. London, 1884- 

1885. 
Das Ausland. Jahrg. LVH, Nos. 48—52, and LVIII, Nos. 1—8. 4P Stuttgart, 1884-1885. 
Geological Mafirazine. New Series, Decade 3, Vol. II, Nos. 1 — 2. 8** London, 1885. 
Iron. Vol. iXIV, Nos. 622, to Vol. XXV, No. 633. Fol. London. 1884-1885. 
Journal de Conchyliologie. 3"' S^rie. Tome XXIV, No. 3. 8° Paris, 1884. 
Journal of Science. 3rd Series, Vol. VI, Nos. 131—132. 8° London, 1884. Thb Editor. 
I^ondon, Edinburgh and Dublin Philosophical Magazine and Journal of Science. 5th 

Series, Vol. XIX, Nos. 116—117. 8** London, 1885. 
Mining Journal, with Supplement. VoL LIV, Nos. 2572, to Vol. LV, Nos. 2683. Fol. 

London, 1884—85. 
Natur» Novitates. Nos. 23—25 (1884,) and Nos. 1—3 (1885.) 8** Berlin, 1884—1885. 
Nature. Vol. XXXI, Nos. 789—800. 4** London, 1884- -1885. 

Neues Jahrbuch fiir Mineralogie, Geologie und Palseontologie. Jahrg. 1885, Band I, Heft 1. 
8' Stuttgart, 1885. 
fiir Mineralogie, Geologie und Palsdontologie. Beilage-Band III, Heft 
2. 8** Stuttgart, 1884. 
Petermann'g Geographische Mittheilungen. Band XXX, No. 12, and XXXI, Nos. 1—2. 

4'' Gotha, 1884—1885. 
„ Mittheilungen. Supplement, No. 76. 4^ Gotha, 1884. 

Professional Papers on Indian Engineering. 3rd Series, Vol. II, No. 8. Flsc. Boorkee, 1884. 

Thompson Collbob of Citil Enoineebino. 
Quarterly Journal of Microscopical Science. New Series. Vol. XXV, No. 97. 8*" London, 

1885. 
Zeitschria fiir Naturwissenschaften. Folge 4. Band III, Heft 5. 8^ Halle, 1884. 



GOVERNMENT SELECTIONS, REPORTS, &c. 

Assam. — Beport on the administration of the Province of Assam for 1883-84. Flsc. Shillong, 
1885. Chief Cohhissionbb of Assam. 

Bengal. — Quarterly Bengal Army List for January 1st, 1885, No. 91. 8^ Calcutta, 1886. 

GOYEBNMENT PbIWTINO OfFICB. 

,, Report on the administration of Bengal, 1883-84. Flsc. Calcutta, 1885. 

GOVEBITMBNT OF BsiTaAI.. 
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Title* of Books, Donors. 

Bombay.— Gazetteer of tbe Bombay Presidency. Vols. XXI— XXIII. 8* Bombay, 1886. 

Bombay Goybsnment. 

„ Beport on the administration of the Bombay Presidency for the year 1883-84i. 

Flsc. Bombay, 1884i. Bombay Goybbnmbnt. 

„ Selections from the Records of the Bombay Government. New Series, No. 165. 

Flsc. Bombay, 1885. Bombay Goybbnmeht. 

Bbitish Bubha.— Report on the administration of British Burma daring 1883-84. Flsc. 

Rangoon, 1884. Chief Oommissioneb, British Bubma. 

Imdia. — Annnal statement of the trade and naYigation of British India with Foreign 

countries and the coasting trade of the several Presidencies and Provinces, 

in the year ending 31st March 1883, No. 17. 4'' Calcutta, 1886. 

GOYEBKMBHT OF InDIA. 

„ Progress report of the forest administration in Ajmere-Merwara for 1883-84. By 

A. £. Lowrie. Flsc. Simla, 1884. Home Dbfabtmbnt. 

„ Report on the administration of the Hyderabad Assigned Districts for 1883-84. 

Flsc. Hyderabad, 1884. Rbsident, Hydbbabad. 

„ Meteorological observations tecorded at six stations in India in 188^ reduced and 

corrected. Jane to October 1884. 4*" Calcutta, 1 885. 

Metbobological Rbfobtbb to Govbbnmbnt of India. 
„ Report on the Mysore census of 1881. By Lewis Rice. Flsc. Bangalore, 1884. 

Revenue and Aqbicultubal Dbfabtmbnt, 

India. — Selections from the Records of the Government of India, Foreign Department, No* 

199. Flsc. Calcutta, 1885. Fobbign Dbfabtmbnt. 

Madbas.— Report on the administration of the Madras Presidency daring 1883-84. Flsc. 

Madras, 1884. Madbas Goybbnmbnt. 

PuNJAB.-*District Gazetteers : Ambala ; Amritsar ; Bannu ; Delhi ; Dera Ghazi Ehan ; Dera 

Ismail Khan ; Ferozepore; Gujranwala ; Gujrat; Gurdaspur; Gurgaon; 

Hazara ; Hisar ; Hoshiarpur ; Jalandhar ; Jhang ; Jhelam ; Kangra ; Lahore ; 

Montgomery ; Multan ; Mozaffargarh ; Peshawar ; Rawalpindi ; Rohtak ; 

Shahpur ; Sialkot. 8° Lahore and Calcutta, 1883-84. Punjab Goybbnmbnt. 



TRANSACTIONS, PROCEEDINGS, Ac, OF SOCIETIES, SURVEYS, Ac. 

Batayia. — Notulen van bet Bataviaasch Genootschap van Kunsten en Wetenscbappen. Deel 

XXII. Afl. 2—3. 8° Bataria, 1884. Thb Society. 

„ Tijdschrift voor indische Taal-,Land-,en Yolken-kunde. Deel XXIX, Afl. 5 — 6* 

8"* Batavia, 1884. The Society. 

Belfast. — Report and Proceedings of the Belfast Natural History and Philosophical Society, 

for the Sessions 1883-84. 8"* Belfast, 1884. The SociErY- 

Bbelin.*— Sitzungsberichte der Konig. Preussischen Akademie der Wissenschaften zu 

Berlin. Nos. 18—39. 8° Berlin, 1884. The Academy. 

„ Zeitschrift der Deutschen geologischen Gesellschaft. Band XXXYI, heft 3. 8° 

Berlin, 1884. The Society. 

Bombay. — Journal of the Bombay Branch of the Royal Asiatic Society. Vol. XYII, 

No. 44. 8*" Bombay, 1884. The Society. 
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Titles qf Books, Donors, 

BoBTOir.*-Prooeeding8 of the Amerioaa Academy of Arts and Scienoes. New leries. 

Vol. XI, pts. 1—2. 8** Boston, 1883-84. The Aoadbht. 

Bbbslau. — EinundsechzigBter Jahres-Bericht der Sohlesischen Gesellscliaft fnr vaterlan- 

disclie Cultar. 8^ Breslan, 1884. The Society. 

Bsu88Bts.~-Bulletin de la Soci^t^ fioyale Beige de G^ograpfaie. Ann^e YIII, No. 5. 

8'' Bruxelles, 1884. The Socibtt. 

B JDAFBST.— NatnrhiBtorische Hefte, berauBgegeben rom Ungarischen National Masenm- 

Band YIII. 8*" Budapest, 1884. The Mttsbum. 

BuBKos AiBBS. — Boletin de la Academia Naoional de Ciencias en Cordoba (Bepublica 

Argentina). Toxno. YJ, Nob. 2--4. 8'' Baenoa Aires, 1884. 

The Aoadbmt. 
Calcutta. — Catalogue of the library of the Geological Survey of India. By Wm. Robert 

Bion. 8*" Calcutta, 1884. GBOLoaiOAL Subyby of India. 

„ Memoirs of the Geological Survey of India, Vol. XXI, pt. 2. 8*^ Calcutta, 

1884. Gbological Subyby of India. 
„ Palsoontologia Indioa. Series X, Yol. Ill, part 6, and Series XIY, Yol. I, part 

8, faso. 4. 4*" London and Calcutta, 1884. 

Geological Sttbyby of India. 
„ Records of the Geological Survey of India. Yol. XYIII, pt. 1. 8** Calcutta, 

1885. Geological Subyby of India. 
„ Catalogue of the Presidency College Library. 8° Calcutta, 1882. 

Pbrbidbncy Collbgb. 
„ Catalogue of the Library of the University of Calcutta. 8*" Calcutta, 1885. 

The TJniybbbity. 

„ Journal of the Asiatic Society of Bengal. New Series, Yol. Llll, part. I, Special 

number. 8* Calcutta, 1884—1885. The Society. 

„ Proceedings of the Asiatic Society of Bengal, Nos. 10— 11 (1884). and No. 1 

(1886). 8** Calcutta. 1884—1885. Thb Society. 

„ Survey of India Department. Notes for December 1884, and Jany. to Feby. 

1885. Flsc. Dehra-Dun, 1885. Survey of India. 

„ Transactions of the Agricultural and Horticultural Society of India, Yols. I. — 

YI,andYIIL 8** Calcutta, 1 837— 1841. 

Cah BBiDGE, Mass. — Annual Report of the Curator of the Museum of Comparative Zoology 

for 1883—84. 8"" Cambridge, 1884. The Mubbum. 

„ Memoirs of the Museum of Comparative Zoology. Vol. YIII, No. 3, 

Yol. X, No. 3, Yols. XIT and XIII. 4** Boston, 1883—1884. 

The MusBUtf. 
Dresden. — Sitzungsberichte und Abhandlnn<;^en der naturwissenschaftlichen Gesellschaft 
Isis in Dresden. Jahrg. 188 k Juli bis December. 8^ Dresden, 1885. 

Thb Socirby. 
Hamilton, Canada. — Journal and Proceedings of the Hamilton Association. Yol. I, part 1. 
8*" Hamilton. 1884. The Academy. 

Habbibburg. — Reports of the second Geological Survey of Pennsylvania. 
Coal Mining (A. C), 1883. 
Chester County (C4), 1883. 
Lehigh and Northampton Counties (D„ I), 1883. 
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HASBiSBUse.— Soath Mountain Belt, Berks County (D^ II), 1883. 
Susquehanna riyer region (6;), 1883. 
Warren County oil regions (14), 1883. 

Maps : Adams Co. ; Franklin Co. ; Cumberland Co. ; South Mountain 
(4 sheets). 
Lil&ax.— Annales de la Soci^t6 Q^logique de Belgique. Vol. XI. 8"^ Li^ge, 1883. 

Thb Socibtt. 
LoBDoir. — Journal of the Anthropological Institute of Great Britain and Ireland. Vol. 
XIV, No. 2, 8" London, 1884 
„ Journal of the Society of Arts. Vol. XXXIII, Nos. 1673—1683. 8' London, 

1884—1886. Thb Socibtt* 

„ Proceedings of the Boyal Geographical Society. New Series. Vol. VI, Nos. 

11—12. 8** London, 1884, Thb Socibtt. 

„ Proceedings of the Boyal Institution of Great Britain. Vol. X, part 3, No. 77. 

8" London, 1884. Thb Institutb. 

,« Quarterly Journal of the Geological Society. Vol. XL, No. 160. With list of 

Fellows for 1884. S"" London, 1884 Thb Socibtt. 

Madbid.— Boletin de la Sociedad Geografica de Madrid. Tomo XVII, Nos. 4—6. 8* 
Madrid, 1884 Thb Socibtt. 

Maitchbstbb. — Transactions of the Manchester Geological Society. Vol. XVIII, part 3. 
8*" Manchester, 1884. Thb Socibtt. 

MoBTBBAL. — Geol. and Nat. Hist. Surrey of Canada. Comparative vocabularies of the In- 
dian tribes of British Columbia. By W. Fraser Tolmie and George 
M. Dawson. 8** Montreal, 1884 Thb Subybt. 

Nbuchatbl. — Bulletin de la Soci^t^ des Sciences Naturelles de Neuchatel. Tome XIV. 8^ 
Neuchatel, 1884. Thb Socibtt. 

Nbwcastlb-ob-Ttnb. — ^Transactions of the north of England Institute of Mining and 
Mechanical Engineers. Vol. XXXIV, part 1. 8^ Newcastle-on-Tyne, 
1885. Thb Institutb. 

Nbw Hatbv. — ^Transactions of the Connecticut Academy of Arts and Sciences. Vol* VI9 
part 1. 8" New Haven, 1884 Thb Acadbmt. 

Pabis.— Bulletin de la Soci^t^ G^ologique de France. 9°^^, S^rie Tome XII, No. 8. 8^ 
Paris, 1884 Thb Socibtt. 

PHIIADBLPHIA.— Journal of the Academy of Natural Sciences. 2nd Series. Vol IX, part 
1. 4P Philadelphia, 1884. Thb Acadbmt. 

„ Proceedings of the Academy of Natural Sciences. Part II. 8** Philadel- 

phia, 1884 The Acadbht. 

,, Proeeedings of the American Philosophical Society. Vol, XXI, No. 115, 

8'' Philadelphia, 1884. Thb Socibtt. 

"„ Journal of the Franklin Institute, 3rd Series. Vol. LXXXVIII, No. 6. 

and Vol LXXXIX, Nos. 1—2. 8' Philadelphia, 1884—1886. 

Thb Institutb. 
Pia^. — Atti della Societa Toscana di Scienze Naturali : Process! Verbal!. Vol. IV, pages 
125—145. 8" Pisa, 1884. Thb Socibtt. 

Beport on the explorations in Great Tibet and Mongolia, made by A — ^k in 1879 — 1882, in 
connection with the Trigonometrical Branch of the Survey of India. Pre- 
pared by J. B. N, Hennessey. Flsc. Dehra Dun, 1884. 

Subybt of India. 
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Titles qf Boohs. Donors. 

Rio db Jikbibo.— Annaes da Escola deMinas de Oato Preio. Ko. 8. 8° Bio de Janeiro* 

1884. Thb School ov Mivbs. 

St. Pbtbbsbubo —Bulletin of the Geological OommiaBioa, Vol. Ill, Noi. 6— 7. 8* St 

Petersboturg, 1884. Thb Comxiwion. 

„ M^moires du Comity Q^logique. Vol. I, No. 3. 4° St Petewbonrg 

1884. Thb Commission. 

Salbm, Mass.— Bulletin of the Essex Institute. Vols. XV, Nos. 7—9, and XVI, Nos. 4— 

12. S"* Salem, 1883—1884. Thb Ihstitutb. 

SiNOiFOBB.— Journal of the Straits Branch of the Boyal Asiatic Society, No. 18. 8** 

Singapore, 1884. ' Thb Sooibtt. 

Spbinofibld. — QeologicHl Survey of Illinois. Vols. V— VI. Geology and Paleontology. 

8' Springfield, 1873—1876. A. H. Wobthbn. 

Stockholm.— Sveriges Geologiska Undersokning. Ser. Aa., Nos. 88—91 ; Ab., No. 10, 

Ba., No. 4; C, Nos. 61—64 and 66. 8^ and 4'' Stockhohn, 1888—1884 

Gbological Subvbt, Swbbdbr. 
Stuttoabt. — Jahreshefte des Vereins f&r vaterlandische Naturkunde in Wnrttemberg, Jahrg. 

XXXVII— XL. 8** Stuttgart, 1881.84. 
Sydkby.— Transactions of the Boyal Society of New South Wales for 1869. 8° Sydney, 1870. 

Thb Sooibtt. 
ToKio.— Transactions of the Seismological Society of Japan* Vols. I, pts. 1—2, II, V, VI, 

and VII, part 2. 8° Tokio, 1880-84. 
ToBoirro.— Proceedings of the Canadian Institute. Vol. II, No. 8, ^ Toronto, 1884. 

Thb iNsnTUTB. 

ViBNjTA.— Verhandlnngen der k. k. geologischen Beichsanstalt Nos. 16—18 (1884) and 

Nos. 1—2 (1885). 8° Wien, 1884^86 Thb Ikstitutb. 

Washiitotok.— Annual Beport of the Board of Brents of the Smithsonian Institution for 

1882. 8^ Washington, 1884 Thb Ihstitutb. 

„ Beport of the Commissioner of Agriculture for 1888. 8° Washington, 1888. 

COMMISSIONBB 07 A0BICUKTUBB. 

M Smithsonian Contributions to Koowledge. VoL XVIII. 4*" Washington, 

1878. Thb Ihbtitutb. 

», Smithsonian Miscellaneous Collections. Vol. XVI. 8* Washington, 1880. 

Thb Ivbtitutb. 
tf United States (Geological Surrey. Mineral Besouroes of the United States, 

By Albert Williams. 8^ Washington, 1888. 

Ubitbd Statbs Gboiooioal Subyby. 

MAPS. 
Geological and topographical map of the oil lands of Japan. By Benjamin Smith Lyman, 
1882. Thb Authob. 

A^l nth, 1885. 
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of the Archipelago (probably Ontram Island) and €t small island "which seems to 
have been the Middle Button, sailed throngh Homfray^s Strait ^ and then roand 
the north of the island till he was killed on the east coast^ either at Gadell Bay 
or some spot in that neighbourhood. The only geological observations refer to 
the Archipelago and the Middk Button, the rocks of which he classes as 
'* Quadersandstein." 

The next reference I can find is contained in a pamphlet by a lif r. J. Hv 
. Quigley,^ who visited Interview Island in a schooner called 

°*^ ®^' the Sea Serpent, which had been chartered by a friend of 

his to recover what was worth saving from the wreck of the barque Emily, His 
account has been stigmatized by Dr. Mouat as only worthy of a Munchhausen, 
but, though abundantly adorned (?) with what are meant for rhetorical flourishes 
which, however, give place to a more moderate tone when speaking of what he 
actTially saw, it is far more entertaining, and, as subsequent knowledge has 
shown, more trustworthy on the whole than the dreary pages of the learned 
doctor's ponderous tome. Mr. Quigley's " geological observations " are just 
^uch as a man ignorant of geology might well have made, but such as he could 
not possibly have invented ; aJl that can be made of them is that the greater part 
of Interview Island consists of sedimentary formations, but that the extreme 
west (sic in original, probably a misprint) is composed of igneous rocks described aa 
''granite and greenstone," terms that may safely be translated diorite and serpentine^ 
The report ' of the Gonmiittee appointed in 1857 to select a site for a penal 
settlement in the Andamans, contains but one single obser- 
vation bearing on geology ; in paragraph 41 it is stated 
that limestone " of the finest quality " is obtainable on a promontory a few miles 
north of Long Island. 

Prefaced to a report on the vegetation of the Andamans by Dr. Kurz are 

some notes on the geology or more properly petrography 

of the South Andaman ; he also gives some important 

observations as to the recent sinking of the islands, to which I shall refer later on. 

In 1868, a short note by Dr. Stoliczka^ was read before the Geological Institute 

of Vienna ; being merely an extract from a private letter 

it does not contain any detailed observations, but refers to 

the general question of the correlation of the beds seen near Port Blair, to which 

he ascribes an eocene age. 

' Ab ibis is, 80 far aB I know, tlie-only instance of these straits hnTing been navigated by any- 
thing larger than a steam launch, it may be interesting to give the reasons on which I base this 
supposition; they are as follows: — (1) Sailing *' north-westwards " from the Button be passed 
through a group of islands and found himself almost shut in by land ; (2) he mentions very rapid 
currents in the straits ; and (8) he describes the western outlet as also surrounded by islands with a 
very narrow passage out to the west. All these three fit in with Hemfray's Straits, while none of 
them would be applicable to the Middle Straits (JStlfer, loo, cit,, pp. 384—885). 

* Wanderings in the IsUuids of Interview (Andaman), Little and Great Coco. Pmpht,, Moul- 
mein, 1860. 

* Selections from the Beoords of the Government of India, No. 26, pp. 4 — 28 (1869). 

* Die Andamanen Inseln, Assam, u. s. w. (Aus einem Briefe an Herm Director v. Haeur, de 
dato, Calcutta, 80th Marz) Vcrhand, k,k, geol. Bnchsatufalt,, No. 9, p. 192 (1868). 
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In the Transactions of the Ethnological Society for 1869 there is a note^ on 
the Andaman Islandis hy Lieutenant S. A. St. John, which 
contains some petrographical statements; he went on a 
trip in the S. S. Diana to search for limestone^ and mentions the occnrrence on 
the shore west of Long Island of what proved to be '' the common igneons rock of 
former acquaintance," which^ from its '4ight colour," might have been taken 
for limestone by one who had not landed to examine it. I cannot understand this 
sentence ; can he have hit upon one of the pale clays, locally indurated, of the 
Archipelago series P 

The Proceedings of the Asiatic Society of Bengal for 1870 contain another 
paper • by Dr. Stoliczka on the Kgokkenmoddings of the 
Andamans which contains a passage referring to the possi- 
bility of recent changes of level in the islands. 

The Journal of the same Society for that year contains two papers ^ by Mr. V. 

Ball on the geology of the vicinity of Port Blair and of 

Nancowry Harbour, in which he gives some geological 

details and essays to correlate the rocks of the Andaman and Nioobar Islands. 

Since this date I know of nothing further relating to the geology of the 

Andamans until the recent publication of two * notices by 

Mr. F. B. Mallet in the Records of the Geological Survey 

of India. 

Passing now to my own observations, I can only distinguish with certainiy 
. two sedimentary formations in the Andaman Islands, 

^ ' which I propose to call the Port Blair and Archipelago 

series respectively. 

The Port Blair series consists principally of firm grey sandstone and inter** 
. bedded slaty shales, not unfrequently containing nests of 

coaly matter, and, occasionally, beds of conglomerate and 
pale grey limestone as subsidiary members. The sandstone is the characteristic 
rock of the series, it is generally if not always non.calcareous and is easily recog- 
nized, where exposed between tidemarks, by its peculiar mode of weathering : 
owing to irregular distribution of the cementing material, bosses of harder stone 
are left standing up above the general level of the rock, and these bosses are in- 
variably irregularly honeycombed by the solvent action of the sea water. 

* Notes an the Andaman IslandB by Admiral Sir Edward Beleber (from notes by Lieutenant 
8. A. St. John, H. M.'s 60th Regiment). Trans. JEthnol. 8oe, (new seriet), V, pp. 40—49 
(1867). 

' Note on the EgdkkenmMdings of the Andaman Islands, by Dr. F. Stolicika. JProe. As. 8oc, 
Bengal, 1870, pp. 13—28. 

* Brief notes on the geology and on the Fanna in the neighbonrhood of Nancowry Harbour, 
Kicobar Islands, by V. Ball, B.A., Geological Survey of India. Joum, At. Sac., Bengal, XXXIX, 
pp. 25—27 (1870). Notes on the geology of the vicinity of Port Blair, Andaman Islands, by 
V. Ball, B.A., Geological Survey of India, ihid, pp. 281-243 (1870). 

* On Native Lead from Moulmein and Chroraite from the Andaman Islands, by F. R. Mallet^ 
Deputy Superintendent^ Geological Survey of India. Sec. Q, 8. 1., Vol. XVI, 203 (1888).. On 
some mineral resources of the Andaman Islands in the neighbourhood of Port Blair, by F. R. 
Mallet, Deputy Superintendent, Geologiciil Sdrvey of India. Bee. Q. S. I., Vol. XYII, pp. 79-^6 
(1884). 
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Ib several places I toand red and green jJEispery beds veiy similar tawhat^ 

^ occnr in Manipur and Burma, bnt I was onable to deter^ 

Foflsibie older wnes. i ^-l * ^i_ •• ^ j x i j 

mme whetkev any of inese belonged to an older series or 

no. In part at least they seem to belong to the same series as the sandstones and 

shales, in the midst of which they may be found cropping out, but it is by no m^ms 

impossible that some of them belong to an older series, for, on the east coast of the 

South Andaman, close to the boundariiBS of the serpentiar south of Shoal Bay, 

I found great banks of conglomorate containing pebbles of similar jaspery rock ;. 

it is of course possible that this conglomerate is newer than the sandstonerbut the 

fact that, though found close to the serpentine, it contains no pebbles of that rock^ 

indicates that it is probably of earlier date than the serpentine intmsions, and 

consequently probably of the same age as the Port Blair series. 

On Entry Island and again in a small bay, not marked on the marine 
. ehavt, immediately south of Port Meadows, I found beds^ 

of volcanic origin. In the middle of the small bay just 
mentioned a square rock eomposed ol a breccia of pale-green f ekite cementecP 
by a matrix of felsitio ash stands out of the water, and on Entry Island, among a 
series of rocks indurated and contorted si^as to baffle deseription, there aro some 
beds full of angular fragments, and apparently of volcanic origin. The age of 
these is difficult to determine ; they seem to pass northwards into beds among 
which jaspery slate and limestone are to be found, and at the northern extremity 
ef the island there is some intrasive serpentine, but at the southern end of the 
island near the top of the section, if I read it aright, 1 found in a bed of sandstone 
an isolated boulder, about a foot long, of a serpentinous rock; evidently derived 
from the serpentine intrusion. On the whole, it is xnx)bable that these are 
of later date than the Port Blair sandstones. 

Before passing on to the next series, I must mention one very peculiar rock 

^^ ,^ T « ^ which is exposed on Chatham Island, and which I have 

not seen elsewhere. On the south shore of the island, 
immediately east of the saw-mill, there is an exposure of sandstone, through 
which are scattered blocks of red and green slatey rock ; these, as is shown by their 
angular outline and lamination, quite independent of, and divergent from that of 
the sandstone matrix, are evidently fragments of some pre-existing rock. It is diffi- 
cult to explain their presence here ; in the absence of any sig^ of volcanic action 
in the immediate neighbourhood, one would naturally turn to glacial agency ; yet 
the apparently isolated nature of the phenomenon is against this explanation, 
while the fragments are too numerous, and scattered over too large a surface, for 
them to be satisfactorily explained by any theory of flotation by driftwood.^ 

The newer series, which I have called the Archipelago series, as the whole of 
the islands of the Archipelago are formed by it, consists 
ip ago . typically of soft limestones formed of coral and shell-sand* 

soft calcareous sandstones and soft white clays, with occasionally a band of con- 
glomerate the pebbles of which seem originally to have been coral, though no 
structure is now discernible. These beds seem to cover a large area in the 

1 Confer Theobald'i description of tome beds MoDging to the axial (triaBrie) groQp. Jfem. 
&. 8. L, Vol. X., p. 127 (1878). 
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Andamans, but I Bball not here enter into the discussion of their geographical 
distribution. 

On Craggy Island, I found a somewhat peculiar rock ; it was a soft bedded 
very calcareous sandstone ; the calcareous cement was ir- 
iB^d**** ^^"887 regularly distributed, forming spheroidal masses of harder 
rock which stood out from the general surface of the cliff, 
and this, combined with strings of small pebbles scattered through the beds, gave 
the rock an appearance very much resembHng that of many of the Siwalik sand- 
stones. Some of the pebbles were of serpentine, so that the rock is almost 
certainly of later date than the Port Blair series, yet it may be remarked that where 
exposed between tide marks, the projecting bosses weather away in a manner 
which feebly imitates the honeycombing of the very much more prominent knobs 
to be seen at Port Blair. 

Tj^ere is only one other place where I have seen a similar rock in the Anda- 
mans, and that was on a rocky point a short way south of 
MdaowT*^ ^ ^^^ ^^^ Meadows. I did not here notice any serpentine peb- 
bles, but the position of the rock would lead one to asso- 
ciate it with the volcanic beds which, as I have mentioned above, are probably of 
more recent age than the Port Blair series. It is not impossible that the sand- 
stones just referred to may belong to the Archipelago series. 

The Cinque Islands consist principally of intrusive rock of the serpentine 
series, but there are also some metamorphosed and indu- 
C^qne Islands. rated sedimentary beds ; of these some are siliceous, but 

for the most part they are calcareous, the most remarkable 
form being a green chloritic or serpentinous matrix with numerous granules of 
crystalline calcite scattered through it ; the rounded outlines of these granules 
seem to be due to attrition, and the crystalline structure to subsequent meta- 
morphism. These rocks did not seem to me to belong to the Port Blair, but 
to the Archipelago, series, and at the first blush it would seend as if they had 
been metamorphosed by the intrusion of the serpentine ; fortunately however at 
one or two places, and more especially on the eastern face of the southern island 
close to its northern end, there are exposures of a conglomeratic bed, in which the 
pebbles are of serpentine, and the matrix is fine-grained and very serpentinous. 
This conglomerate, both from its position and induration, belongs to the same 
series as the other sedimentary rocks of the island, and proves that they are of 
later dat^ than the serpentine intrusion, and that in all probability their metamor- 
phism is due to the contortion they have locally undergone. The conglomerate 
just mentioned is a curious bed, not of the type commonly known as conglomerate, 
but exhibits that structure, usually considered due to the action of floating ice, 
which is seen in the boulder bed of the Talchirs, or the Blaini conglomerate of the 
Himalayas. The niatrix is, or rather was originally, a fine mud or clay, and 
through it the pebbles are scattered, not touchiug each other, but each isolated 
in the matrix ; I have - seen a similar bed of presumably the same age, though 
showing no signs of alteration, in a very similar position to the east of the Nijaong 
village in the harbour of Nanoowry, but here the fragments were angular, not, as 
on the Cinque, rounded in outline. 
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As regards tlie intrasive rocks of the Andamans I have little to say ^ they ar& 
similar to those of Manipnr and Burma to the north and 
of the Nicobars to the souths and, as far as I could judge 
from the manner of their occurrence, of certainly later date than the Port Blair 
series, the only section which seems to throw any doubt on this conclusion being- 
that described above of the sandstones on Craggy Island. I have followed my 
predecessors in calling these rocks serpentine, that being the most prominent or 
remarkable form which they take, but they not infrequently pass into crystalline 
diorite or gabbro. 

It may seem strange that, before passing on to consider the corr^tion of 
these series, it should be necessary to discuss whether 

tiolT^ ^^^"^^ ^'*'°**'- *^®^ ^^^^ belong to distinct formations, or are merely 
local petrological variations of each other, but, as will 
presently be seen, such is the case. As regards the Andamans, I have no doubt 
that they are really two distinct formations, for in degree of induratioh and 
mineralogical composition they are as contrasting as could well be, nor have I seen 
any signs of transition from one type to the other (if we except the sandstones of 
Craggy Island) and in the Middle Andaman, where I saw the soft limestones of the 
Archipelago, and the hard grey sandstones of the Port Blair series within a few 
miles of each other; they each maintained their especial characteristics unchanged » 
While if my identification of the altered sedimentary rocks of the Cinque Islands 
with the Archipelago series is correct, they must be two distinct formations, one 
older, the other newer, than the serpentine intrusions. 

In investigating the homotaxia of these beds, we may approach the ques- 
tion from three points of view, and determine the age of 
Homotaxia of the beds. ^^^ ^^ ^^^^^^ ^^ ^^^ internal evidence of fossils, by con- 

necting them with the known rocks of the Arracan Yoma, or by connecting thern^ 
through the Nicobars, with beds of known age in Java. 

As regards the first, we have nothing beyond Dr. Stoliczka's statement* that 

he observed " at the north-east end- of Boss Island several 

specimens of a Pecten, a small Cytherea-like shell, and 

fragments of Oysters, which' fossils prove that the deposits are marine, and the 

aspect of these fossils is undoubtedly a tertiary one." I regret to have to say that 

though I searched the locality mentioned, I did not succeed in finding, either 

there or elsewhere, any trace of a fossil other than a few fragments of lignite. 

In attempting to ascertain the age of the Anda.man rocks by tracing them 

Relations with the southwards through the Nicobars, we are at once landed 

Nicobar beds. into a difficulty through a conflict of authorities.* 

» JburJi. At. 8oe„ Beng., XXXIX, p. 231 (footnote), 1870. 

'Die Nicobariscben Inseln. Eine goograpbische Skizze, mit specieller Ber&oksiebtnng der 
Geognosio von Dr. Phil S, Sink. Kopenbagen, 1847. Translated and printed in Selections from 
the Becords of the Oovernment of India, LXXVII, pp. 109-15SL 

Beitiftge znr Geologie nnd physickalisohen Geographie der Nicobar Inseln.— Geologischen 
Beobachtnngen von Dr. Ferdinand von Hochstetter. Reise der osterreichiscben Fregatte Novara 
nm die Erde in den Jabren 1857, 1858, 1859. Geologiscber Theil, II, pp. 85—112 (Wien. 1866). 
Translated and printed (in parf), Bee. a, 8. L, IV, pp. 59—78 (1870). Reprinted Selections from 
the Becords of the GoTernment of India, LXXVII, pp. 208-*229. 
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For onr information as to the rocks of tlie Kicobars, we have to rely almost 
entirely on the published papers by Drs. Rink and Hochstetter. The former of 
these describes the rocks of the Nioobars as belonging to three distinct formations, 
classed in order of their ages as (1) the brown coal formation; (2) the 
Plutonic rocks ; (3) the older alluvium. The brown coal formation is confined to 
Katchal and the southern islands, while the " older alluvium" is only found on 
the islands of Nancowry, Trinkat, Camorta, and those to the north. Dr. F. von 
Hoschstetter, on the other hand, maintains that the " brown-coal formation" and 
iihe "older alluvium" of Rink are but petrologically different products of the 
same period oi deposition, and that they are both of later date than the serpentine 
intrusions. 

In his note on the geology of the neighbourhood of Nancowry harbour,* Mr. 
Y. Ball states it as his opinion, that the sandstones of Rink are the same as those 
of Port Blair, but does not attempt to decide between the widely divergent 
opinions of Rink and Hochstetter. 

In discussing this subject I may begin by stating it as my opinion, derived 

.,^,, „ . „ - from personal examination of both, that the " Older allu- 
" Older allnvium 'of .,ij.-r»., •. ii.i . ., 

ttink represente Archi- vium of Rink, and my Archipelago series, are most indu-> 

pelago series. bitably of the same age. As Mr. Ball has pointed out, 

Rink's name is utterly inappropriate if th^ word alluvium is to have any fixed 
value whatever in geology ; the beds of which it is composed have been contorted 
and disturbed, and occasionally may be seen tilted on end. They are undoubtedly 
of later date than the serpentine intrusion, and agree very closely in petrographical 
characters with those of the Andaman Archipelago, even to the occurrence of clays 
containing polycistinoe in both regions and of iron sand on the Car-Nicobar, while 
iron sand was noticed by Dr. Heifer on the Middle Andaman, and is also found 
on Havelock Island.* 

As regards the sandstones^ the matter is not so easily settled ; if Dr. Rink has 
correctly determined the relative ages of the sandstones 
thJ^iSktonesT^^^ ^^ *^® serpentine intrusions. Dr. Hochstetter must neces- 
sarily be mistaken in supposing that they are merely 
petrographically different members of the sam^ series as the soft calcareous and 
argillaceous beds of the so-called older alluvium. The only direct evidence which 
Dr. Rink adduces as to the relative ages of the sandstones and the serpentina 
series is a section* on the western side of Teressa Island, where he saw a small 
patch of the sandstone, of the same type as that of the southern islancb, only 
slightly hardened by the plutonic rocks which form veins in it. Here everything 
depends on the correctness of the correlation of this sandstone with that of the 
southern islands, a correlation which is certainly supported by Mr. Ball's identic 
fication of the latter with the sandstones of Port Blair. The latter observer gives 
no reasons, beyond the presence of fragments of driftwood and impressions ot 

^ Brief notes on the Geology and on the Fauna m the neighbourhood of Nancowry Hatboor^ 
Nioobar Islands, by V. Ball, B.A., Geol. Surv. of India. Jottm, 4s, 8oc,, Beng., XXX [X, pp. 25—37. 

* In the first and last case, and presumably in the second also, th^so-called "iron sand" was 
magnetic oxide of iron; for a reference to the Havelock Island sand, see Bea. O, 8. Z, Vol. XVIII* 
88 (1884). 

* Die Nikobarischen Inseln, p. 66. Selections from the Records of the Goyemment of India, 
LXXVII, p. 130. 



Digitized by 



Google 



14 a Becords of th^ Geological Survey of India. [vol. xvm, 

plants resembling fucoids in both, for the identification, though it was presumably 
based on personal observation. On the other hand, there are not wanting indica- 
tions that both these observers may have been mistaken, for Dr. Rink's descrip- 
tion of the sandstones of the Little Nicobar, which he takes as the typical expo- 
sure is certainly very unlike that of any beds I know in the Port Blair series ; he 
describes ^ both sandstones and interbedded clays as calcareous, and particularly 
mentions that the former were soft, and that the calcareous matter is irregularly 
distributed, forming spheroidal masses of harder rock which are left projecting 
from the general surface of the cliff — ^in fact the description agrees in every parti- 
cular, except the absence of pebbles, with the sandstones on Craggy Island, 
in which I found pebbles of serpentine and which are consequently almost 
certainly of later date than the Port Blair sandstones. The whole question is 
shrouded in difficulty and will not be answered satisfactorily without a systema- 
tic survey of the islands. 

Passing southwards into Java and Sumatra, there are intrusive serpentine 

and soft white clays identical with those of the Nicobare. 
mi^K^^TKvn^}^ ^^- Hochstetter* describes the sedimentary series of Java 

as consisting of (1) a lower coal-bearing group of quartzose 
non-calcareous sandstones and slate clay with seams of workable coal, in which 
maiine fossils are very rare or absent ; (2) an upper group of soft calcareous sand- 
stones, plastic clay slates, and argillaceous marls with trachytic tufas conglo- 
merate and breccias, containing numerous marine fossils and fragments of drift 
wood, but no workable coal. These rocks were originally classed by Hochstetter* 
as eocene, on account of the supposed discovery of nummulites in them, but ac- 
cording to Yon Bichthof en, ^ the so-called nummulites are in reality orbitolites, and 
a collection of fossils from the upper beds was examined hj Mr. Jenkins, ^ who 
pronounced them to be of miocene, or later age. The lower series may be dis- 
tinct from the upper, and of eocene age as Dr. Hochstetter supposes, and in that 
case is very likely a representative of the Port Blair series. 

In tracing the Andaman rocks northwards to Burma, we have little difficulty 

in identifying the Port Blair series with the Negrais rocks 
m^^^r^a^ btd?.*" <>^ Theobald.* Not only do they resemble each other in 

the petrographical features and relative proportions of 

> Die NikobaTischen Inielii, p. 48. Seleotions firom the ReoordB of the OoTernment of India, 
LXXVII, p. 126. ' 

* QeologiHche AasflUge aof Java. Reise der Asterreischen Fregatte Novara urn die Efde in 
den Jabren 1857, 1858. 1859^ Qeologiscber Tbeil Band II. Qeologiscbe Beobacbtongen tod 
Dr. Ferdinand von Hocbatetter, pp. 118—162 (Wien 1886). 

' Nacbricbten uber die Wirkgamkeit der Ingenienre far des Bergwesen in Neiderl&ndiscb— 
Indien. Von Dr. Ferdinand Hocbstetter. Jdkrbuch, K. JC ChoL M§ieksanstali IX, pp. 277-- 
294 (1858). 

* Beriebt Aber einen Aoiflag in Java. Zeilsohr\ft der DeuiseJken QboI, ChielUehaft XIV, pp. 
827—356, 1862. 

Cber daa Vorkomnien too Nammnlitenformatlon anf Japan nnd den Pbillipinen. Ibid, 
857-868. 

* On some Tertiary Sf61lQsca from Mount Sola in tbe Island of Javfl, by H. M. Jenkins, Esq., 
F. G. S.» witb a description of a new eoral from tbe same locality, and a note on tbe Scindian fossil 
corals by P. Martin Duncan, M. B., F. O. S. Quart, Joum,, Oeol. Soc,, XX, pp. 45—73 (1864), 

* Mmn. O. S. /., Vol. X, 110—128 (1878). 
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their individaal members, but the peculiar mode of weathering wbere ez^sed be- 
tween tide marks, which I have remarked in the former, is matched by the sand- 
stones of the Negrais gronp, which have been described as nstially presenting, when 
seen on the sea beach, a — " honeycombed or cancellated appearance, the result of a 
peculiar mode of weathering/'* Unfortunately the age of the Negrais 'rocks can- 
not be determined with accuracy, but they are believed to underlie and be asso- 
ciated with some beds of known nummulitic age, so that we may class the Port 
Blair rocks as eocene or slightly older. 

Thus, whatever line we follow, we are brought up to the same conclusion* 

^ , , . «i«., that the Port Blair series is probably of early tertiary, 

General conclusion. -ui i x x j i. ^ • i^i. ^l 

or possibly late cretaceous age, and by traomg them south- 
wards, we find that the rocks of the Archipelago series are probably of miocene 
age or even newer. 

Since the publication of Kurz's Report on the vegetation of the Andamans, it 
f 1 1 ^^^ ho&OL an accepted fact that the Andaman Islands are, 

*"^^ * and have been, during recent times, undergoing sub- 

sidence. It was difficult to conceive how this could be the case, for the Arracan 
coast to the north and the Nicobar Islands to the south, between which the Anda- 
mans form the connecting link, are both fringed by raised beaches which show 
that they have recently been elevated, but the observations recorded by Mr. Kurz 
were so unanswerable that they were allowed to override 
Eridence of depression. ^j^^ argument from analogy. Mr. Kurz's conclusions were 

based principally on the fact that he found the stumps of trees, belonging to 
species which only grow above high- water mark and beyond the reach of salt- 
water, in the mangrove swamps and on the sea shore, while, as corroborative evi- 
dence, he adduces the facts that according to the report of the Andaman Committee 
the sea had encroached some 40 or 50 feet since the first settlement on Chatham 
Island, Port ComwsbUis, and that ^' Lieutenant Jameson of Chatham Island has 
informed me that a similar encroachment of the sea is taking place at that 
Island in Port Blair." As regards the latter point, there is no evidence that 
the *' encroachment " of the sea at Port Comwallis was due to subsidence, and 
as far as can be judged by the lithograph in the report of the Andaman Com- 
mittee, and the woodcut in Dr. Mouat's book, both taken from a photograph, I 
should be inclined to look upon it as a case of encroachment by erosion of the sea 
shore and not by subsidence. The evidence of the trees is, however, almost con- 
clusive, for the only explanation possible, apart from an outward set of the soil to- 
wards the sea, such as is known to take place under certain circumstances, is that 
the land is sinking, and I can myself produce an observation which supports this 
conclusion. The large bay on the north-east coast of Havelock Island is for the 
most part fringed with low lying land, next to the beach this rises some 4 or 
5 feet above high-water mark, but in many places behind this it sinks to form 
a hollow, and then rises again to the same level as the outer ridge, or rather 
higher. The whole of this low land is covered with forest, but wherever there is 
one of the hollows just mentioned, there the forest trees are all dead, and the soil 
is often moist with salt-water ; the soil of these low lying patches must have once 

* Loc, cU.t p. 117. 

B 
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been d^f , like that Tvliere the forest isrstill growing, and the nniformity in size of 
the dead and the living trees shows ihat in all prohability several generations have 
lived and died on rise and in hollow alike, nntil, as the land gradnallj subsided, iJie 
sea- water rose in the soil of the hollows and the trees succnmbed to its fatal influence. 
We maj therefore take it as proved thc^t the Andamans are at the present day 

gradually sinking, but there is ample evidence in the raised 
Andamt^.^ ' ^""^^ beaches that fringe the shores of the Andamans, that in 

the immediate past elevation has exceeded subsidencr. 
These raised beaches have not, «o far as I know, been mentioned by any previous 
observer, but are conspicuous enough, especially on the islands of the Archipelago* 
At Port Blair itself there is a small terrace at the north-eastern comer of Chatham 
Island ; it has been enlarged artificially to form a site for the bungalow of the 
officer in charge of the island, but appears to be in part a raised terrace of marine 
erosion. A similar terrace may be see* nor^ of the harbour where the road from 
North Point to North Corbyn*s Cove runs in places on a terrace separating the steep 
hill side from the sea shore. In a small cove east of Pei*ij, on the southern side 
of Shoal Bay, there is a narrow terrace, clothed with forest^ from whose inner limit 
the hill rises in a bare, almost vertical, face of rock which could not have been 
formed, in this position at least, by any other means than marine denudation. 
Along the east coast of the South Andaman this raised beach can be seen forming 
a terrace, from a few yards to over half a mile in width in almost every bay. Apart 
from the theory that it is nused sea beach, the only one supposition on which this 
terrace could be accounted for is, that it is ^ne to a gradual encroachment of the 
land on tiie sea, either through the action of vegetation in catching the wind-blown 
sand, and so raising the surface above extreme sea-level, or by the action of the waves 
which during storms might throw up sand and shingle far above the level which the 
sea would otherwise reach ; tiie first supposition is inconsistent with the fact that 
shells and fragments of coral of considerable size may be found lying about on the 
forest-clad suif ace of the terraces in positions where they cannot be accounted for by 
either human or crustacean agency, while the facts that the forest trees are as large 
and old on the extreme edge <A the terrace as further inland, aud that the seaward 
margin often cuts into a miniature clilE of 3 or 4 feet high, is everywhere fringed with 
fallen and falling 4rees and tangles of roots from which the soil has been washed 
away, conclusively prove that so far from there being any extension of ihe land 
surface, it is being encroached upon by the destructive action of the waves. 

The terrace is well developed in the Andaman Archipelago, especially on the 
west coast of Haveloc]^ Island, where the hills rise with a precipitous face out of 

the forest, being now separated from the sea by a stretch 
H^ftveSck^and. ^ ^^ ^^^^ ' ^* ^^ ^^® place, where the sea has cut away 

this terrace and formed a low cliff, a bank of coral and 
shingle, evidently of littoral origin, was seen resting on soft calcareous sandstonei 
YieW above the reach oi evesi the highest tides. 

The beach I have described is everywhere low, and not more than 6 to 8 feet 

above mean sea-level, but there are indications of a terrace 
hlan^"" *"^ Lawrence ^£ ^^^^ erosion, corresponding to that seen on the Car- 

Nicobar and elsewhere at about 30 — ^ feet above thesca ; 
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boib Oniram and Lawrence Islands, and« large part of the other islands of the 
Archipelago, are low and flat-topped in outline, so that it would seem that thej 
were plateaux— old plains of marine denadaticm. . 

There is not wanting evidencathat the depression of the island^which is going 

Coinmcncement of d«- ^^ ** ^® present time, has but recently commenced, for the 
preMioii being of MMot kitehen.middens of the Andam,anese are in positions whera 

**• a very slight subsidence would submei^ them, and the 

time that they represent may be understood l^ the section of one which I examined 
near Port Mouat; it was 12 feet in thickness in the centre, and in this there 
was a bed 1 foot 6 inches thick of v^^table mould, with shells scattered through 
it, marking a period when generations of shrubs and plants must have lived and 
died while the midden was abandoned, or only occasionally visited. This was 
doubtless started on a rock rising among the mangroves and gradually extended 
on to the mud ; and it is a noteworthy fact that the surface of the mud under the 
shells does not appreciably differ from the general level of the mud outside. It 
shows that at a time when probably not one-sixteenth of the present bulk of the 
midden had accumulated, the level of the mangrove swamps was very nearly what 
is now. Had the soil surrounding the rock on which the midden was started been 
weU clear of the influence of the tides, it would certainly not have supported a 
growth of mangrove^ and so far as my experience has shown me, would conse- 
quently have been of a very different character to what is actually found, while, 
had the surface of the mangrove swamp stood much lower than what it now is, the 
mud would certainly have risen above what was the base of the kitchen-midden 
in its earlier stages; in other words the surface of the mangrove swamp was 
then very nearly at the highest level it could reach, and as this is limited by the 
height to whieh the tides rise, it shows that during the time represented by 
the formation of this midden — a period which mubt be measured by centuries, if 
not by tens of centuries — ^the land has not appreciaUy altered its level rehitively 
to the sea. 

NoTB.— On the map, I baye incorporated Mr. Eiirz's ob^erTationa in part, but bave not follovr- 
ed bis maps in extending tbe Port Blair sanditonee to the wettem sbore of the Islands, as I feel 
sure that the rocks there most be largely of later date; I have coloured tbe islands df the two 
entrances to Homfray's Straits from information deiired from JDr. Heifer's Diaries. Interrieir 
Island, I was informed by Mr. H. Godwin-Aosten, is composed of the same rocks as are seen at 
N«noowry,and tbe two Sentinel islands have been described to me as being composed of coral; this, 
ns I fonnd from experience in the Nicobar Islands, almost certainly refers to the fantastical 
weathering of the limestones of tbe Archipelago series. 



Note on a third species o/' Merycopotamus, hy R. Ltdekeer, B.A., P.G.S., P.Z.S. 

Among the collection presented to the British Museum by Mr. Charles Falconer 
on the death of Dr. Falconer, the writer has recently identified the tooth from 
Knsh&lgarh near Attock noticed in * Falconer's PaliBontological Memoirs/ Vol. I 
p. 416, under the name of Meryoopotamue natms, and also the two smaller teeth 
noticed on the preceding page under the name of TapirtM pentapotamicB. As 
these specimens are undoubtedly the property of the Geological Survey of Indim. 
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the Director of the British Miisenn \bb oonMnted to their timnsf erenoe to the 
Indian MuBenm. 

With regard to the Merycojpata/mmt tooth, whieh ie the third right upper true 
molar, there can be no donbt of its specific distinctness from If. iMntMlis and If. 
naaitf, L jdekker, ^ both on account of its inferior sise, and marked difference in 
siamctnre. Its length is 075, and its width 0*8 inch ; and the external sorfaoe 
of the enter columns is less inwardly inclined, thus causing the tooth to assume a 
eharactor more approaching that of ChcBvemeryx^ which the writer • is now inclined 
to regard as allied to Dtckodan : the present specimen thus indicating an affinity 
between the Utter and Merycopoiamus. It is intended to figure the Kush&lgarh 
Merytopotamtu tooth in the Introduction to the 3rd yolume of the 10th series of 
the * Palaaontologia Indica '; and the specific name If. pusillfu is proposed for it. 

The two small teeth noticed by Falconer as Tapirtu j^entapotamuB are the 
fourth upp^r premolars of both sides belonging to the same indiridual as the 
upper true molar noticed by Falconer in the same passage and figured by the 
present writer in the ' PaUeontologia Indica,' ser. 10, Vol. Ill, pL YIU, fig. 17, 
under the name of Listriodon pentapotamtce (Falc). 



Some ohservations on Percolation oi affected by Current, by H. B. Meducott, M. A., 

Geological Survey of India, 

In a prerioDS paper (tiipra, ZIV, p. 228), in discussing the possible water-head 
available for artesian sources in the Gangeiic plains, I quoted an obsenration by 
Lieutenant W. E. Baker (one of the early collectors of Siwalik fossils, afterwards 
Sir W. E. Baker), showing a striking apparent defect of percolation in yery 
coarse deposite dose to a great stream. The passage is as follows : — " An account 
is given by Lieutenant W. E. Baker (Engineers) of the sinking o£ a well at 
Il4yanw&la, near the base of the Siwaliks. It is 3 miles below H&tnik^d, where 
the deposits terminate within the open gorge of the river, but the elevation is 
BtiQ 1,052 feet. The surface is less than 10 feet over the water in the river, and 
only 60 yards from the edge, but the well was sunk through boulders gravel and 
sand for 60 feet without finding water. Lieutenant Baker mentions the fact as 
an anomalous instance of the impermeability of the coarse river deposits at this 
spot, contrasting it with what takes place in similar deposite of the bhdhar east 
of the Ganges, as already noticed. This is of course an erroneous impression: 
there is a deep and rapid current in the Jumna at B&yanw&la, and the traction of 
the stream does not give any particle of the water time to change ite course and 
sink into the ground. The case is very different for small streams spreading out 
over the surface." 

1 * Geol. Mag.' dec 8, Yol. I, p. 646 (1884). The name M. namuM had been applied by 
Falconer in M.S. (nde Pal Mem., VoL II, p. 407) to this speeiee, before he applied it to the 
Kusbi&lsarh specimen, which he evidently regafQed aa distinctl When the collection of KnahilgBrh 
specimens were returned to India, a label bearing the name If. nanus was attached to a tooth 
referred to VoreaLhenmm {vide ' Palssontologia Indica,' ser. 10, Vol. I, p. 62 [44],) and the 
present writer naturally thought that Falconer had made a wrong generic identification. 

» Vide 'Geol. Mag.' dec. 8, Vol. U, pp. 72—73 (1885). 
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Several friends who onght to know, ezptesAed doubts tliat the reason her egiven 
by me was in any degree valid ; so not being able to find an authority on the subject, 
I have attempted an appeal to ezpeiiment, with Mr. Mallet's assistance. In the 
bottom of a small wooden conduit, about 5 feet long, a rectangular hole was cut, 
3 inches long by 1 inch broad. This was lined with sheet-tin, projecting below 
into a much larger tin box attached to the board, with openings along its upper 
margin for the escape of water. The hole was then packed with shot, flush with 
the bottom of the conduit, and up to the level of the openings in the box beneath. 
Arrangements were made to give a succession of fixed slopes to the conduit, and to 
measure the discharge from percolation in equal periods under the different condi- 
tions. From still water with a depth of about 1 inch the percolation was 1,045 
grammes in 30 seconds. The comparative results are given in the following 
table:— 

Statement showing percolation as affected hy current. 



Percolation. 


Conditions. 




1,000 


Still water : end of ooiidait clofed. 




900 


Conduit horizontal, end open. 




806 


„ sloping at 26 feet in a mile. 




788 


91 »i n 60 „ „ „ 




770 


>» *> »> 75 11 «> >, 




747 


M M »» *00 „ „ y, 




?29. 


f> » 9t 1*6 „ „ „ 





The experiments were no doubt rough, but it can hardly be questioned that 
they give a true indication of what occurs, showing very decided reduction of 
percolation with increase of current. The loss is nearly 20 per cent, with a slope 
of 25 feet to the mile, which is about that of the stream at Bi^yanwiLla. Although, 
.however, the interpretation I gave of the supposed anomaly is thus shown to have 
but partial application, the main cause must be rather the reverse of that suggested 
by Lieutenant Baker. We must assimilate, rather than contrast, the conditions at 
B&yanw&la with those of the hhdbar streams. The peroolatioa downwards is so 
free and rapid that laterally it does not extend to a distance of 170 feet at a depth 
of 50 feet below the level of the stream ; and the slope of percolation must be more 
than 1 in 3*4. 

In support of this view I may refer to the instance given in the same paragraph 
of the paper under reference, of a well at the head of the hhdhar, near Mohan. 
Although within a short distance of the Kotri rau (torrent), aU the dry- weather 
drainage of which sinks into the gravel, water was only found in the well at a 
depth of 200 feet. 
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NoticB of the Pirthalla and Ghandpiir Meteorites, by H. B. Msdlicott, M.A.| 
Geologieal Survey of India. 

In 1863 a requisition fr6m the Britisli Museum, respecting the collection of 
aerolites which may be procurable in the British dominions abroad, was for- 
warded by the Secretary of State for India to the Gx)yemment of India, and was 
issued by it to the Provincial Goyemments for disposal. On the representation 
of Dr. Oldham in 1866, that this order was liable to be misunderstood, to the 
detriment of the very fine collection of meteorites in Calcutta, the Oovemor 
General in Council was pleased to approve, for general adoption, the recommenda- 
tion that all meteorites should be sent to the Calcutta Museum, and suitable 
samples be forwarded thence to the British Museum. During the twelve years 
following this order, up to the end of 1878, specimens more or less complete of 
11 falls were received, and samples of all were duly sent to London. For years 
after none were seen or heard of till 1884, when of&cial notice came of the 
Pirthalla fall, but without any hint of oompliance with the order regarding 
the disposal of such objects, although it was of course still in force. It was plain 
that the rule had passed out of recollection, as is so generally the case in India 
with matters that are not of almost routine occurrence, owing to the so frequent 
changes in the personnel of every ofiEice. A renewal of the order was therefore 
sought for and obtained, of which these two meteorites are the first-fruits. 

Pirthalla: No. 189 of the Indian Mueeum collection. — This is a village in the 
Barwala tahsil of the Hissar District in the Punjab, in about 29° East Longitude 
and 29° 35' North Latitude. The fall occurred at 2 p.m. on the 9th of February 
1884. The stone was received in three pieces, and otherwise damaged, having' 
lost perhaps an eighth of its original bulk. The pieces weighed severally 510*6, 
4257, and 224*2 grammes, or a total of 1160*5 grammes. The specific gravity is 
3*40. The shape was roughly cuboidal with rounded edges and indented sides. 
The stone is of the most usual type, granular fracture, of light-grey colour, 
mottled pale brown. The numerous metallic grains of various size and shape 
only appear on a cut surface, being otherwise covered by a coating of the stony 
substance. This stone is rather friable. There is of course the usual film of 
fusion, of a dull black colour. The account of the fall received with the speci- 
men is as follows : — 

'^ The history of the meteorite briefly is, that it was seen to fall at 2 p.m., on 
the 9th February 1884, about 150 paces from the village of Pirthalla, P.S. 
Tohana, Hissar Division, by a iepoy on the Skinner estate and a. boy of 12 years of 
age. It seems to have been red*hot when falling, and an explosion was heard while 
it was still in the air, which was followed by a report like that of a gun when it 
struck the earth, in which it was buried to the depth of 2} indies. The ground 
was hard. It was dug up immediately, and is said to have been quite cold and 
broken in two." 

Qfiandpur : No. 190 of the Indian Museum collection. — ^This is a village in 
the North-West Provinces, about 5 miles north-by-west of Mainpuri, in 79® 3^ 
East Longitude and 2T 17' North Latitude. The tell occurred on the evening 
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of the 6tli April 1885. Tlie stone was received anbroken, tliongh about one- 
fonrih of the crust, and perhaps a twelfth of the original bulk, had been chipped 
off. The shape was roughly ouboidal with rounded edges and angles. Before 
cutting, the weight was 1201*3 grammes; the pieces weigh 625'5 and 491 '0 
grammes. The specific gravity is 3*25. It is exactly of the same type as the 
Pirthalla stone, but not so brittle. The following is a translation of the report 
of the fall by the Nativ)9 Sub-Inspector of Police : — 

" On 10th April, Girdhari Chaukidar, of mouzah Chandpur, which is 8 miles 
south of the police station, came and reported that four days ago, on the night 
of Monday, there was thunder and lightning which lit up the whole sky, and 
after this a stone came down, which was found next morning and weighed 1 
seer and 4 chittacks. I deputed Mahomed Husaan Khan, clerk, to fetch the 
stone and make full enquiry into the matter. The clerk accordingly brought 
the stone to the thana. Its surface is black. It is white inside, containing shin- 
ing particles like those of sand. It is broken on two sides, which is due to the 
fact that the villagers broke it to see what was inside before the clerk reached 
the spot. The pieces broken off could not be found. Enquiry made by the clerk 
showed that on Monday, about one-and-half hour after night-fall, heavy clouds 
came over mouzah Chandpur; that Telok Singh Thakur and Bhagga and 
Manga Chamars were busy in stacking arhar stalks in a field about 100 paces 
south-east of the village, and that they first saw lightning in the clouds and then 
heard a roaring thrice ; that afterwards, it thundered slowly and then of a sud- 
den the whole sky was lit up and a sound of something coming down (sam 
same) was heard, and subsequently the sound of a thud in the arhar field of 
Madariwala, which is one field beyond their own; that they then ran away to their 
respective houses fearing that hail was falling. As the whole affair was one of a 
surprising kind, they, on Tuesday morning, wanted to find out what it was, and 
on search, found the stone produced in Madari's field ; that it was still warm, 
and the earth below it was blackened, and a plant of arhar, on which it had &11- 
eUf was scorched and broken down, but that no mischief was caused to other 
plants in the field. Other villagers also testified to these &ets. I beg to for- 
ward the stone for your inspection.*' 



^Biep(yri on the Oil- Wells and Coal in the Thayetmyo District, British Burma, 

by B. BohilNis, D. Sc. 

OiUWells, — The oil-wells are at Padaukpin,* about 8 miles from Thayetmyo, 
on the Mind6n road. Of seven wells there are only three kept in repair, and of 
these only one was yielding oil at the time of my visit. The oil flows very slowly ; 
the produce is only one barrel monthly. It occurs in fissures in a hard blue shale 
(dipping 35^ W.), which contains fossil marine shells, which are generally much 
decomposed by the action of water ; often there is only the cast of the shell in the 
clay remaining. 

At Yenanchaung, in Upper Burma, the oil-bearing stratum is a similar blue 
shale with bands of sand, into which the oil diffuses from the shale and through 

1 Noticed bj Mr. Theobftid, Mem., G. 8, J., Vol. X, p. 347(1873). 
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whicli it percolates into tlie wells. The shale at Padaukpin seems almost imper- 
vious. I observed a place where the shale cropped up to the surface. It was con- 
verted superficially into clay by the action of water. The oil was found lining 
small cracks and cavities. When apiece of the shale was powdered anddifEused 
through water the oil came to the surface in a thin film« 

A specimen of the shale waa analysed and found to contain 0*16 per cent, 
of oil. 

The rocks overlying the oil-bearing stratum appear much harder than those at 
Yenanchaung. It appears to be a different geological formation, deposited under 
different conditions. A boring was put down to a great depth some years ago in 
one of the ravines to the northward. It ended in hard rock, without finding oil. 
I do not know why the place in question was selected ; the whole district is very 
unpromising. 

Goal, — The coal is found in a ravine of the south-western spur of the second or 
. middle hill of the group of lime-hills south of Thayetmyo.* 

When I visited the place, an escarpment had been made along the east side 
of the gorge ; at the north end a drift had been driven into the hill side through 
a hard blue shale to a depth of about 20 feet ; at the end of the drift there was a 
thin seam of coal and carbonaceous shale dipping at an angle of about 30*. Below 
this another drift had been made, but had fallen in. The seam of coal is said to 
be 4 feet thick. Further south, again, a pit had been sunk to a depth of 30 feet, 
following the course of the two small seams of coal here dipping at an angle of 
75** to 80**. They are 4 feet apart at the top, but gradually approach and will 
unite jtrobably 3 or 4 feet lower. Five or six yards further south there are seen 
two more vertical beds of carbonaceous shale. One of these is said to be the seam 
worked about 30 years ago. The traces of the old workings are now concealed 
under the rubbish thrown down from the escarpment above. The old drift is said 
to be vertically below the lime kiln on the hill side. 

The blue shale below the coal is full of vegetable remains, apparently grasses 
or reeds. Above the coal the shales appear to be unfossiliferous. Over the shales 
are sandstones. Above these, again, there is a greyish-pink limestone ; then over 
all, forming the crest of the hill, is a white limestone composed of fossil num- 
mulites and marine mollusca. 

It seems to me that the coal deposits of the Arakan Yoma have been formed 
in the swamps and lagoons of a river delta. We find similar deposits of very 
recent date in the neighbourhood of Rangoon. Thus, at Insein, a boring showed 
a thin bed of lignite. Beneath the alluvial soil on which part of the town of 
Rangoon stands, there is a stratum of decomposed vegetable matter about 2 
feet thick, thinning out and disappearing where it meets the sandstones, on 
which the cantonment stands. Above this stratum there is a fine blue clay; 
above the clay is the sandy clay of the rice-fields. We have the same order at 
each of the coal outcrops in Burma, — argillaceous sandstones, blue shade, coal. 

At Thayetmyo the deposits have evidently been formed while the land was 

' Described by Dr. Oldham, Selections from tbe Records of the Government of ludia, Home 
Department, No. X, 1866; also by Mr. Theobald, Mem., G. S, J, Vol. X, p. 295 (1872). 
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«lowly Binldiig beaeatih ike sea^ the limestones oyerlajing ihe shalei and sand- 
crtones haTing been depoeited on a 9ea bottom, when the head of the Gnlf of Mar- 
taban wem a^ Yenanchanng or Sagaing. The sadden diange in the angle of dip 
flhowB that there has been a great distorbanee of the strata. 

It seems to me tliat the coal -worked 30 y-ears ago was a portion of the present 
4 feet seam, and that a f aslt runs between the main hill and the southern spurs ; 
but Mr. Lewis, who is carrying on the work, see?ns to diink that the old drift was 
driven in the wrong direction, and that he will find the seam at the bottom of 
the pit he is ranking. On this theory there should be two seams 4 feet thiek, 
separated by 60 or 70 feet of shale. The question should be settled in a few 
days.^ 

It is noteworthy that a similar nummulitie coal-field by the banks of the 
Indus has jnst been carefnlly tested by boring and found to be so irregular as to 
be worthless.* 

A series of specimens iHustrating the rocks at the Padaukpin and Yenan- 
channg oil-wells and the coal-mine at the lime hill has been placed in the Phayre 
Mnseum. 

1st Jamiary 1885. 

Nate on seme Antimony Deposits in the Maulmain District, by W. E. Oeipbr, 

A.R.S.M., P.O.S. 

From Maulmain a range of hills, called the Toungwayn, Toungmyo, or 
Amherst range, runs in a sout^-easterly direction through the province of Tenas- 
aerim. The following remarks apply to that part of the range between Maulmain 
and Amherst, a distance of about 50 miles. The range is densely covered, with 
jungle, and is inhabited by a few Karens ; a good road runs along its base. 

These hills are mainly composed of a hard siliceous slate, the strata of which 
are more or less disturbed, but with a general direction of north-west — south- 
east and a nearly vertical dip ; mica schists also occur. Overlying boili are soft 
sandstones more or less horizontal, accompanied by qnartzose rocks ; while along 
the flanks and in the plains below, superficial deposits of laterite are occasionally 
met witibi. 

Idmeetone does not appear to exist in liiis range, but isolated hills or 
rather peaks are found near, which are rapidly disappearing through atmospherio 
denudation. The existing hills show the power of t^iis influence in their worn 
sides and ^barp angular peaks. 

The minerals occurring in die range of hills under consideration are iron ores 
and antimony. The iron ores might be of use should coal, good enough to smelt 
them, ever be found widiin a reasonable distance, and English ccmpetition 
cease. 

> From xwent information dated 22nd Jnoe, it woald ieem that the expected coal bat not 
been found. The Agent of the Marrajf Coal Company ia, however, persevering with the explora- 
tion.— H. B. M. 

« Supra, Vol. XVII, Pt. 2. 

C 
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As long ago as 1860, attempts were made at Tonngwayn, near Manfanain, te 
work the antimony found there, in a hill mailed Tes-lffi-tonng (antimony hUl), 
but without success, the reason given "being that iiie market rahie of the ore in 
Calcutta was too low. Other trials have been inade since then, invariably with 
a like result. 

The antimony is in the form of stibnite and occasionally cervontite. This 
iatter mineral, which always occurs above the stibnite and is probably due to its 
oxidation, was not known to the Burmese until pointed out to some of them 
recently by me, it having too great a resemblance ix) yellow earth to be noticed 
by them. They are however well acquainted with sttbnite, under the name of 
TcB-leB-chouk (antimony stone) or Tee-laB-byn (white antimony). The cervontite 
has obtained the name of TeB-ks-wa (yellow antunony). 

The stibnite occurs in pockets, or isolated masses in a whiti^ quartzose sand>- 
stone, the rock in the imniediate neighbourhood being often stained of a bluish 
colour by the antimony itself. The deposits are generally found in or by the side 
of dykes or rather fissures traversing the Bandfitone, filled with a whitish quart- 
zose rook, and usually having well-defined walls. ^ 

The T8B-l89-dwin, or so-called antimony mine, worked some time ago by 
JMr. 0*Riley, then Deputy Commissioner of Maulmain, is situated on a hill called 
Lekka Toung, at the 23rd mile from Mauhnain on the Amherst road. It is 
merely an open quarry, some 60 feet in length (north-west — south-east), rougiily 
rectangular, with a breadth of 12 feet, and about the same in depth. The de- 
posit is divided by well-defined walls from the ordinary yellow sandstone sur- 
rounding it. 

The ore in these deposits dies out entirely, and no lode or even string is left to 
show in what direction more may be found. Sandstone surrounds it on all sides, 
. and the only chance of any indication lies in the occurrence of an outcrop along 
or near the line of the dyke or fissure. From a single deposit a few tons only of 
ore is obtained. The richest ore is in the centre, and may contain as much as 
70 per cent, of antimony (metal), and from this it graduates off into a blue 
s]aty stone containing 2 or 3 per cent, only of the metal. 

Practically the chances are small in favour of the idea that small unconnected 
deposits like this can ever be profitably worked. Should lodes be found however, 
the case would be different. 

Through the energy and enterprise of a well-known advocate of Rangoon, 
mining operations on a small scale have lately been prosecuted to prove this 
range of hills, as to the existence or not of true lodes in them. A hill seemingly 
favourable for mining purposes was selected, and a level is being driven through 
at a short distance from its baae. This work on completion will, in all probability, 
settle the question of lodes or no lodes for the Matdmain end of the range, the 
hill being a typical one as far as can be judged. A great expenditure of dyna- 
mite is found necessary in cutting through the siliceous slaty rock mentioned 

> It is to be regretted that Mr. Griper cannot give a more precise description of these rocks. 
There seems even some donbt whether the ' sandstone ' in which the stibnite occnrs may not be a 
partially disintegrated metamorphic rock. Hie quantitative diagnosis of the deposit is however 
the important point of the paper.-^H. B. M. 
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alboye. Iron pyrites i3 oeoasionally met with in this slate, and on the whold 
appearances are not entirely unfayoorable for the occnrrence of mineral in veins. 

I may here remark that copper (" copper scoria ") was said to be found at Sr 
place called Kyiek Myraw, on the Ahtaran side of this range, by Mr. O'Biley, — 
ffide Selections from Becords,- Bengal Government, YI, 1852. On inspection I 
lonnd three large monnds, each containing many thousand tons- of rich iron slag. 
Enquiries on the spot from [the old inhabitants and phungies (priests) failed to- 
elicit any knowledge or eyexb tradition' of a furnace having been in operation there. 
No iron lode could be found and no excavations were known of in the neighbour- 
hood. Probably a very rich form of laterite occurring there — ^almost an iron ore 
in fact — was used in the production of this sl^. I have since learnt that more 
of such slag exists at a place called Wagardo, near Amherst. 

Among the drawbacks to* tke^ carrying out of mining and prospecting opera- 
tions in British Burma, the want of roads, badness of the conveyances, [thickness 
of the jungle, and cost of labour, are the chief. An ordinary cooly's wages 
amount to Bs. 12 per month in Maulmain, and in the district 8 annas per day, 
except during the paddy season, when 12 annas per day is usually demanded. 
The coolies are chiefly Madrasis, with a few from Calcutta, the Burmese being 
too lazy and independent for hard work. Domestic servants are also Madrasis, a 
*^boy • requiring Rs. 16 and a cook Rs. 18 to R«. 20 per month. In the district the 
usual means of conveyance on land is the Burmese. cart drawn by two bullocks. 
As the body of the cart inclines from front to back at an angle of about 45,^ a 
long journey in one does not afiEord th<e acme of comfort. 

The best time for prospecting isr from December to April, May and June being 
too hot, and from July to November every thing is under water, the rainfall being 
170 to 220 inchea in Maulmain,. and nearly that amount in the other parts of 
Tenasserim. 

Government dak-bungalows are few and far between, but along the high roads 
at frequent intervals zayats or rest-houses are found, built by pious Burmese, it. 
being considered a good work to build a zayat and as helping towards the attain- 
ment of Nigb&n. 

Notes on the Kashmir Earthquake of 30th May 1885, hy E. J. Jokbs, A.R.S.M., 

Geological Survey of India. 

On tilie 30th May, within a few misntes of 2-45 a.m., at which time a pendulum 

clock, set to local time, at the Residency in Srinagar, 

The c lef 8 00 stopped, a severe shock of earthquake was felt in the 

Kashmir valley, where much losa of life and damage to property occurred. The 

shock was also felt to a less extent in all the surrounding country, and at Simla, 

Lahore, Peshawar, <fcc. 

This shock, which seems from its effects tahave been of asevere character, has 

been followed by slighter shocks up to the present time. 

Sabsequent Aoc b. q^ ^^^ ^^^^ ^^^ ^^^ ^j^^ ^^^^^^ shook, as many pa thirty- 

three distinct shocks were counted at Baramula. The frequency of the shocks 
has, however, now considerably diminished, some daya being quite free, and on 
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other days as many as four or five beix^ felt in the day. Am a» example, on 
June 15th there was a shock about 4 A.ai., whidi was more severe than those 
which have occurred recently ; two houTS after another shoc^ was felt, but of « 
much less severe character. 

The chief shook of May 30th seems to have been preceded eu the evening of 
Shock preceding the ^^^ ^^th by a slight shook, which was noticed by several 
chief one. persons. 

The loss of life and damage to property, though much less than was at first 

reported, has been very considerable. The number of 

Bh^r^'' "^"""^ ^^ *^^ persons killed by falling buildings aoeoiding to the present 

official reports was something over 3.000, while the num-* 

ber of cattle, horses, Ac, killed was very great. 

The area over which the shock was sufficiently severe to do serious damage tc^ 
buildings is also much less than was at first ^supposed ; it 
BhockwoTwv^ely felt.^ extends from the neighbourhood of Srinagar on the south- 
east, round a little north of Sopur, and by Baramula down 
the Jhelnm valley as far as the fort of Chikar near Oaiiii ; the country south of 
Sopur has also suffered as far as Magam (or Margaou) on the road from Srinagar 
to Oulmarg. About 25 miles north-30^-west of Uri is a solitary case where' a 
fort near Titwal on the Kishengunga river has been slightly damaged. Down 
the valley of the Jhelum between Uid and Chikar the damage has not been 
general, the forts being the only buildings that have sufEered. The area over which 
the shock was severe enough to cause a large amount of damage may be roughly 
estimated as between 300 — 400 square miles, though the actual area including all 
the damaged buildings is something over this. 

Most of the buildings consist of stones and wood in which mtid takes the place 
g . of mortar, and they are covered by a heavy roof, frequent- 

^ ly composed of dried mud supported by rafters, resting 
partly on the walls and partly on a few wooden pillars inside the building. 

These buildings do not throw much light upon the direction in which the wave 
Diffictdtv of draw* travelled, as they appear, when shaken by the shock, to hav6 
conclaBions from the been unable to support the weight of the roof, which 
€ffeote on the building*. accordingly fell down inside the building and in most cases 
crushed any living thing of any size to death, while the walls having nothing to 
^ hold the mass of stones and (in many cases rotten) wood together fell to pieces ; 
in some cases however parts of the walls fell down and the roof remained. Very 
little, if any, assistance can be obtained from these structures in obtaining data as 
to direction in which the wave travelled ; the difficulty is also enhanced by the fact 
that the ruins were immediately disturbed and dug into in order to rescue the 
wounded and get out the bodies of the dead, and to obtain the wood for the purpose 
of erecting temporary huts. 

There are, however, some circnmstances that point to the conclusion that the 

wave path ran nearly north and south at Srinagar, as a 

wavr*^^^ ^^ ^' ^ hanging-lamp at the Residency was found after the shock 

to be swinging approximately north and south, though no 

exact observation of the direction was taken. Thecracks*in the walls of the Eesi- 
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dency abo tend iofwarda this conolnsion : those walls which ran north and sonth 
exhibit craclcs, while the long walls nuining east-west have not been cracked^ 
though they have become separated from the north-south walls bj cracks. At 
Baramnla, of those bnildings which are at all favourable for observation, the walls 
running easirwest have fallen more generally than those running north-south, as 
for instance the d&k bungalow, a long building containing six sets of rooms, 
where the north wall facing the river and the roof covering the chief rooms, fell, 
while the back of the bungalow to the south suffered but little damage. In the 
fort at Baramula, which is partly built with mortar instead of mud, the tower ai 
the north-west comer fell into the river, and the west wall running north and south 
has been cracked, and the top of both the east and west walls has f aDen down. 

The forts and huts which have been damaged along the valley of the Jhelum 
to the west of Baramula afford no trustworthy evidence. 

At Baramula and higher up the river a number of earth-fissures have been 
formed along the banks of the river, and occasionally at 
- ssores. some distance from the river. The fissures I have seen 

were parallel to the course of the river, but owing to the water in the river stand- 
ing at a veiy high level at the time I passed up, the surrounding countiy was 
flooded, and I was unable to see many of the fissures that are said to exist. 

At Patau, which is some distance south of the Wular lake, there are some fissures 
running south-east — north-west and parallel to a line of low hills. I also noticed 
at this place one fissure roiming at right angles to and crossing all the rest. The 
size of these fissures varies from an inch to a yard in width. I saw no single ones 
of more than 100 yards in length, though they run into one another. The depth 
cannot well be seen, as the fissures are now blocked up. 

I am informed that there are some much larger fissures at a short distance 
from Baramula, some of them being 30 yards in width 
lArger eartn- niw. ^^^ ^ quarter of a mile or so in length. I hope to see them 
before my observations are concluded. 

In the neighbourhood of the fissures there are numerous patches of fine sand 
which have been forced up from some distance below the 
Sand cratexB. surface ; they vary from 2 to 5 feet in diameter. The vil- 

lagers state that at first this sand gave off a sulphureous smell. The sand resembles 
fine river sand, but differs slightly in character in the different localities where it 
is found. 

The shocks were accompanied by a sound which, in the case of the chief one, 

was described to me as like a hundred cannon going off 

8onnds acoompanying ^f^ pnce. The noise appears to have preceded the shock 

^ by a short interval of time and to have come from a 

northerly direction. 

Camp Sbinaqab, 
The im July 1885. 
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Freltminofry notice of the Bengal £&rtliqiiake of Uih. July 1^85, Sy H. B. 
Medlicott, M.A., Geological Survey of India^ 

Some mention of tHifl earthquate may be expected in the current number of 
the Records, but it can only be to announce that observations are being made by 
officers of the Geological Survey where the shoc^ was most severelyf elt. Mr. C. S- 
Middlemiss is taldng notes at Serajganj, Sherpur (in the Bogra district), Mai- 
mansing, and Dhdka (Dacca) ; anJ Mr. P. N. Bose is visiting NattOre, whence 
some peculiar effects have been reported. The time of the occurrence was rigorously 
fixed for Calcutta by the stopping of the three regulator clocks at the Meteorological 
Observatory, from which the time-signals to the port are made, as* checked by daily 
astronomical observations ; the hour was 6h. 24m. 12s., on the forenoon of the 14th. 
The clocks stand due north-south, facing east. It is very doubtful that any com- 
parable observation can be obtained elsewhere ; but the time element is not the 
most important. As to the direction at Calcutta, the most reliable observation I 
have heard of was that by Mr. E. C. Cotes, of the recently filled cistern of a gas- 
holder on the premises of the Indian Museum ; tho water was seen to spill to a little 
eafit of north. This is, too, the direction suggested by the general report of damage 
done, which is very markedly concentrated in the upper deltaic area traversed 
by the Brahmaputra. In parts of this area slight shocks and tremours have 
continued since the main shock until now. No notice of the shock has been* 
reported from Cachar or Upper Assam, which is the region most frequented by 
such visitations in this part of India. As to the angle of emergence, I know of 
no safe data; cracks in the walls of houses are numerous enough, but it is veiy^ 
difficult to make sure that they are not old ones that had been plastered over: 
The most distinct case of overthrow that has come to notice was that of a heavy 
plaster cast leaning against the north wall in a recess some 12 feet above the fioor 
in the paledontological gallery of the museum, but it must have been ia a dangerous 
state of unstable equilibrium ; for several others similarly placed, and by no means' 
BO stable as they ought to be, did not fall. For the comfort of visitors I may add 
that these are now being made fast* 

The area indicated is, so fJEtr as I know, a hitherto unsuspected position for a 
seismic focus, at least from recorded earthquake observations ; but it is noteworthy 
that within that area, north of Dh&ka and west of Maimansing, lies the ground 
known as the Madhopur jungle, which was described by Mr. James Fergusson in hiff 
admirable paper on the delta of the Ganges^ as due to an upheaval, " which there is 
every reason to suppose took place in very recent times.'* It is described as pre- 
senting a more or less scarped face of deltaic deposits along its western side, raised 
about 100 feet above the actual alluvial area, and sloping eastwards under the old 
bed of the Brahmaputra, and losing itself in the Sylhet jheels (swamps). Thi9 
form is certainly very suggestiTe of an actual upheaval along the western edge, 
and this line, running past the end of the Caro hills on towards Sikkim (where the 
recent earthquake was veiy sensibly felt), would approximately suit for the axis 
of the seismio area as now iodioated. But this view of the Madhopur jungle 

> Q«ar. Jopr», Qeol, Boc, London^ vol. ziz, p. 829, 1868. 
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-needs verification, for there are grounds for supposing that it may he only 
ttn insulated remnant of a former more extensive deltaic surface, other remains of 
which are found in theiierraces of old alluviam at many places on the herders of 
•the present deltaic alluvium. 

There is another featore descrihed by Mr. Fergnsson (he. 333) that mnst be 
4!aken into consideration in the present discussion, namely, the change that occurred 
early in this century in the course of the Brahmaputra. When Major Bennell 
surveyed these rivers in 1785, the whole Brahmaputra, which is perhaps a greater 
«ilt carrier than the Ganges, flowed by Maimansing, east of the Madhopur jungle, 
and did much work in filling up the depressed area of the Sylhet jheels. It 
was then driven back from this ground by the comparatively insignificant eastern 
fitreams, as is so well explained by Mr. Fergusson, and fell over into the area 
west of the Novated tract, where it now flows some 60 miles to the west of its 
iormer course, in the very ground where the recent earthquake has done such mis- 
chief. It is not impossible that the accumulation of 70 years' deposits from the great 
river may have had some influence in producing the catastrophe. 

There has been in the daily papers so much loose writing upon earthquakes 
^n the occasion of the recent events in Kashmir and Bengal, . that it may not be 
«miss to make a few general remarks on the subject. It is only partially true, 
. and in respect of details, that the subject is ' shrouded in mysteiy.' It is not 
disputed that every smallest cause must have some efEect : when a mosquito alights 
on a mountain the state of equilibrium is somewhat different from before, when 
the monster's weight was distributed by air vibrations. It is well known that the 
volcano Stromboli is looked upon as a barometer by the sailors of the surrounding 
seas ; still to speak independently of variation in atmospheric pressure as the cause 
of volcanic eruptions, and still more so as a cause of earthquakes, is to lose sight of 
all sense of proportion. In the same connection, there is no doubt that high-pressure 
steam plays a conspicuous part in volcanic phenomena and their attendant earth* 
quakes ; and that even iq other earthquakes steam is ever ready to flash into any 
temporary fissure that may be formed ; but to speak of steam scouring through sub- 
terranean caverns, bursting from one to another, and so causing earthquakes, is to 
indulge in geological romance d la Jules Vemesy for which there is little excuse 
when we have so much solid ground to judge from. No one who has ever been in 
a region of true mountains, such as the Himalaya, with his eyes open, should have 
any misgivings as to the cause of earthquakes, on seeing around great thicknesses 
of bedded rocks that must once have been flat, now twisted into knots and snapped 
asunder like twigs. Of course the hiatus in thought lies in the familiar assump- 
tion that the rocks were made so, or that all this performance came oS. in pre- 
Adamite times. The tmth is that that sort of thing is going on now ; the Hima- 
layas themselves have not done growing. The crust of the earth is continually 
in a state of strain, owing probably in some degree at least to relative changes of 
the internal and external volumes due to secular refrigeration, and to other disturb- 
ances of equilibrium, such as the wholesale removal of matter from one part of the 
surface to another (of which the case suggested is an instance), amounting in time 
to enormous quantities. Thus there are re-adjustments of equilibrium always 
going on. They for the most part take place so slowly as to be imperceptible, 
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but sudden collapco must often oocnTf producing the shocks we know as earth- 
quakes. It has been ascertained with much certainty tiiat the greater earthquakes 
have their origin at considerable depths, as much as 30 miles, below the 
surface ; though no doubt veiy destructive local shocks may arise from a muck 
nearer focus. 

The suggestion for warnings of approaching earthquakes is not promising, 
and it is only even plausible where seismic activity is more or less chronic. Of 
the greater disturbances that extend far from the focus there would probably be 
no symptom whatever, unless, perhaps, in the neighbourhood of the focus. Even 
at the seat of activity the attempt would probably be futile, for the many petty 
disturbances that pass off without serious sequel could hardly be distinguished 
from those that precede violent shocks, and the warnings would soon come to 
illustrate the " wolf, wolf " alarm of the nursery tale ; so that such warnings 
might on the whole create a greater aggregate of anxiety and suffering than it 
was intended to relieve. 



ADDITIONS TO THE MUSEUM. 
Fbom IsT April to 30th Juvb 1885. 

Two ftpeeimens of alluviam — one from Btver Dharia near Mogul Haut Railway Station, 
Rongpore District, and the other from River Gaofiradhar, Assam. 

Pbbsbntbd bt Mb. R. T. Mallbt. 
Lignite from Sivalik Sandstone, Bhutan, North of Barpeta, Assam. 

Fbom thb Dbputy Commissionbb ob S^axbup, 
Various fossils (22 in number), from Perim Island and other places in Kathiaww, 

Pbbsbntbd bt Azax Yajishankbb Gadbishankbb, Asst. Dbwah of Bhavbaoab* 

Oervantite, and antimony smelted from the same, from the Toungweine Range, near 
Maulmain. 

Pbbsbbtbd bt Mb. Gbobob Dawsok, Mauixaik. 
Specimens of phosphatio rock and phosphatic nodules, from Masuri. 

PbBSBKTBD bt BbV, J. PAB80N8, UaSUBI. 

Section of a vertical pipe used for carrying the shaft water from one water ring to another in 
No. 3 Pit, Warora Colliery, the interior encrusted with a deposit of carbonate of lime^ 
which was formed in fifteen months. 

Pbbsbntbd bt Mb. C. J. Bunino, Ofto. Dt. Manaobb, Waboba Collibbt. 

Specimens of egeran from the ' Rer ' quarry, northern base of the Chattarbhaj Hills, Tonk. 

Pbbsbntbd bt Libut.-Col. W. J. W. Muib, Poutical Aobnt in Habowtbb and Tonk. 

Three pieces of the meteorite that fell at Pirthalla, Bnrwala Tahsil, Hissar District, Punjab, 

on the 9th February 1884. The largest piece weighs 610*6 grammes ; the second, 425*7 

grammes ; and the third, 224*2 grammes. Its specific gravity is 3*40. 

Fbom thb Oovbbkmbnt of thb Pxtk/af. 

The greater portion of the meteorite that fell at Chandpdr, Mainpdri District, N..W. P., on 

the 6th April 1886. It has since been out into two ; the larger piece weighs 626*5 

grammes, and the smaller, 491 grammes, and its speoifio gravity is 3:26. It weighed 

1201*3 grammes before cutting. 

Fbox thb Collbctob of Mainp6bi. 
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ADDITIONS TO THE LIBRARY. 

FfiOK l8T Apbil to 30th Jvvb 1885. 

TitUt ^ Books. DonoP9.~ 

Ball, F.—On the identification of the animals and plants of India which were known to- 
early Greek authors. S"" Pam., Dublin, 1885. Thb Author^ 

Blavfobp, W, T. — The African Element in the Fauna of India ; A criticism of Mr. "Wallace's 
views as expressed in the ' Geographical Distribution of Animals'. 8'' Pam*. 
Calcutta, 1876. Thb Authob. 

Bbokn's Elassen und Ordnungen des Thier-Reichs. Band II, Porifera. Lief. 7 ; & Band VI^ 
Abth. I. Fische. Pisces, Lief. 4; and BandVI, Abth. UI, Reptilien, Lief; 
43—45. S"" Leipzig, 1885. 

Contributions to the History of Education. Historical Sketches of the Universities and Col- 
leges of the United States. 8^ Washington, 1883. Hohb Dbpabtmbkt. 

DAViDSOVr T., and Kino. W. — On the Trimerellidss, a Paleozoic Family of the Palliobranohs 
or Brachiopoda. 8° Pam. 1874. Thb Authobs. 

Douglas, Silas JET., and Pbbscott, Albert B, — Qualitative Chemical Analysis, 3rd Edition. 
8* New York, 1881. 

Emma Mine investigation. 1st Session, 44th Congress, 1875-76. 8"* Washington, 1876. 

Home Dbpabtmbkt. 

Enoyclopodia Britannica. 9th Edition, Vol XVIII. 4"" Edinburgh, 1885. 

Fiscsbb, Dr, Paul. — Manuel de Conchyliologie et de PaMontdogie Conchyliologique. Fasc. 
I— VIII, and Atlas. 8° Paris, 1885. 

Fbitsch, Dr. Ant. — Fauna der Gaskohle nnd der Ealksteine der Permfbrmation Bohmens 
Band II, heft L 4"^ Prag, 1885. 

General Examination of the Atlantic Ocean. 8^ Washington, 1870. Homb Dbpabtmbkt. 

General information, Series No. 1. Information from ahroad. Observations upon the Korean 
Coast, Japanese-Korean Ports, and Siberia, made during a journey from? 
the Asiatic Station to the United States through Siberia and Europe, June 
drd to September 8th, 1882. 8" Washington, 1883. 

Homb Dbpabtmbkt. 

Haubb, Fr. Mittsr v, — Berichte Uber die Wasserverhaltnisse in den Kesselthalem von 

Krain. 4** Pam. Wien, 1883. Thb Authob. 

Jaokaux, Baouh — Traits pratique d'analyses chimiques et d'essata industriels. 8"* Paris, 

1884. 
LiKDSTBOM, 69^.— Fbrteckning ofver Riksmusei Meteoritsamling. 8^ Pam. Stockholn^ 

1885. Thb Authob. 

L6czT, Louis (£0.— Esquisses de I'ethnographie des Chinois. 8° Pam. Budapest, 1884. 

Thb Authob. 
Mabtik, JT. — Die Tertuirschichten auf Java. Nach den Entdeckungen von Fr. Junghuhn. 

Palssontologischer Theil, allgemeiner Theil, und Anhang. 4° Leiden, 1880. 
Mines and Mining west of the Rocky Mountains, 2nd Session, 41st Congress, 1869-70. 8^ 

Washington, 1870. Homb Dbpabtmbkt. 

M0J8I8OTICS, E. V„ und Nbumatb, Jlf.^Boitriige zur Palaontologie Osterreich-Uugams und. 

des Orients. Band V. heft. 1. 4"* Wien, 1885. 
Naval Professional Papers No. 14. Papers and discussions on experiments with steel,. 

reprinted from various sources. 8° Washington, 1883. 

Homb Dbpabtmbkt. 
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7}Ulcs of Books. Donors, 

NiKiTiN, S, — Die CephalopodeDfanna der JarabUdangen des Goayemementa Eoetroma. 4t 
St. Petersburg, 1884. Thb Osological Dbpabtmbnt. 

OWBN, Sir BtcAarrf.— History of British Fossil Eeptiles. Vols. I— IV. Text and Plates. 
4' Loudon, 1849—1884. 

Paldontologie FraiKjaise. 1 re S6rie, animanx invert^r^s. TeiTain Jarassique, livr. 76 — *17 
8" Paris, 1885. 

PuTKAM, Charles E, — Elephant-pipes in the museum of the Academy of Natural Sciences, 
Davenport, Iowa. 8* Pam. Davenport, Iowa, 1885. The Acadbut. 

QuEirsTBDT, Fr» Aug, — Handbuch der Petrefactenkunde. Auflage III. Lief 21 — 22 8® 
Tubingen, 1885. 

Rbnatjlt, M, B. — Cours de Botanique Fossile fait au Museum d'Histoire Naturelle. Vol. 
IV. 8° Paris, 1885. 

Beports of Explorations and Surveys to ascertain the practicability of a ship cnnal between 
the Atlantic and Pacific Oceans by the way of the Isthmus of Darien, in 
1872—73. 4"* Washington, 1874. Homb Dbpabtmbkt. 

Reports of Explorations and Surveys to ascertain the practicability of a ship canal between 
the Atlantic and Pacific Oceans, by the way of the Isthmus of Tehuante- 
peo, in 1871—72. 4'' Washington, 1872. Homb Dbpabtmbnt. 

BoMANOWSEi, Q, — Geologische und palaontologische Uebersioht des nordwesUichen Thian- 
Schan und des sUdostlichen Theiles der Niederung von Turan. Lief I. 
4° St. Petersburg, 1880. The Geological Dbpabtubht. 

Spon, f m^f^— The present practice of sinking and boring welln, with geological considera- 
tions and examples of wells executed. 8** London, 1885. 

The Norwegian North Atlantic Expedition, 1876— 1878. XI L Zoology: Pennatulidas, by 
D. C. Danielssen and Johann Eorem. XIII. Spongiadsd, by G. Armaner 
Hansen. 4'' Christiauia, 1884—1885. Thb Committbb. 

Thousok, Sir C. Wglville, and Mubbat, t7bAn.^Beport on the scientific results of the 
voyage of H. M. S. Challenger during the year 1873—76. Vol. XI. 
Zoology. 4"* London, 1884. Secbbtabt of State fob Ibbia. 

TscHEBNYSCHEW, J^, — Der Permische Ealkstein in Gouvernement Kostroma. 8* St. Peters- 
burg, 1885. The Gbolooical Dbpabtmbnt. 

United States of America, War Department. Professional Papers of the Signal Service. 
No. XI. Meteorological and Physical observations on the east coast of 
British America. 4° Washington, 1883. Homb Dbpabtmbnt. 

Waldib, D. — Observations of the filtration of the Hngli water for the Calcutta water- 
supply. 8** Pam. Calcutta, 1874. The Attthob. 
„ On the muddy water of the Hagli during the rainy season with reference to 
its purification and to the Calcutta water-supply. S"* Pam. Calcutta, 
1873. Thb Authob. 



PERIODICALS, SERIALS, Ac. 

American Journal of Science. 3rd Series. Vol. XXIX, Nos, 171 — 173. 8° New Haven 

1886. 
American Naturalist. Vol. XVIII, No. 12, (1884), and XIX, Nos. 1—3, (1886.) 8* Phila- 

delphia, 1881-1885. 



Digitized by 



Google 



PAttT 8.] Additions to the Library. 161 
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Annalen der Physik and Chemie. Neue Folge. Band XXIV, Nos. 3—4, and XXV, Nos. 

1—3. 8** Leipzig, 1886. 
Annftles des Mines. 8"' S^rie. Vol. VI, livr. 6—6. 8° Paris, 1884. 
Annales des Sciences G^ologiques. Vols. XV aiid XVI, Nos. 1—2. 8** Paris, 1884. 
Annales des Sciences Naturelles. Botaniqae. 6°*'' S^rie. Tome XX, Nos. 4—6 8° Paris, 

1886. 
Annales des Sciences Natorelles. Zoologie et PaMontologie. 6"*" S^rie. Tome XVIX, Nos. 

6—6, (1884), and XVHI, Nos. 1-3 (1886). 8° Paris, 1884-85. 
Annals and Magazine of Natural History. 6th Series. Vol. XV, Nos. 87—90. 8° Lon- 

don, 1886. 
Arohiv. for Naturgeschichte. Jahrg. XLIX, Heft 6. 8'' Berlin, 1883. 
Athensenm. Nos. 2993—3006. 4° London, 1885. 
Beiblatter zu den Annalen der Phjsik und Cbemie. Baud IX« Nos. 2 — 6. 8^ Leipzig, 

1886. 
Bibliothdque TJniverselle. Archives des Sciences Physiques et Naturelles 3** Ptfriode 

Tome XII, No. 12,(1884), and XIII, Nos. 1-3, (1886). 8° Geneve. 

1884-86. 
Bibliothfeque (Jniverselle et Eevue Suisse. 3'"' P^riode. Tome XXV, No. 78, to XXVI, No. 

76. 8* Lausanne, 1885. 
Botanischer Jahresbericht. Jahrg. X, Abth. I, Hefi 2. 8'' Berlin, 1886. 
Botanisches Central Blatt. Band XXI, Nos. 9—13, and XXII, Nos. 1-9. 8^ Cassel, 

1886. 
Chemical News. Vol. LI, Nos. 1319—1332. 4° London, 1885. 
Colliery Guardian. Vol. XLIX, Nos. 1261—1274. Pol. London, 1886. 
Das Ausland. Jahrg. LVIII, Nos. 9—22. 4t Stuttgart, 1885. 

Geological Magazine. New Series. Decade III, Vol. II, Nos. 3 — 6. 8*^ London, 1886. 
Iron. Vol. XXV, Nos. 634—647. Fol. London, 1885. 
Journal de Conchyliologie. 3°* S^rie. Tome XXIV, No. 4. 8° Paris, 1884. 
Journal of Science. 8rd Series. Vol. VII, Nos. 133—136. 8° London, 1886. 
London, Edinburgh and Dublin Philosophical Magazine and Journal of Sdence. 6th Series. 

Vol. XIX, Nos. 119—121. 8** London, 1885. 
Mining Journal, with Supplement. Vol. LV, Nos. 2584— 2597* Fol. London, 1886. 
NatursB Novitales. Nos. 4—11. S"" Berlin, 1886. 

Nature. Vol. XXXI, No. 801. to Vol. XXXII, No. 814. 4** London, 1886. 
Neues Jahrhuch fur Mineralogie, Geologic und Palssontologie. Jabrg. 1886. Band I, 

Heft 2—3. 8"" Stuttgart, 1885. 
Neues Jahrhuch fiir Mineralogie Geologic und Palseontologie. Beilage. Band III, Heft 3. 8* 

Stuttgart, 1885. 
PalsBontographica. Band XXXI, Lief 3—4. 4° Cassel, 1886. 
Fetermann's Geographische Mittheilungen. Band XXXI, Nos. 3 — 6. 4^ Gotha, 1885. 

„ „ Abdruck aus Band XXXI, Heft 4. pp. 148— 

160. 4** Gotha, 1885. 
H ,r Supplement, No. 77. 4^ Gotha, 1886. 

Professional Papers on Indian Engineering. 3rd Series, Vol. Ill, No. 9. Flsc Roorkee, 1884. 
Quarterly Journal of Microscopical Science. New Series. Vol. XXV, No. 98. 8° London, 

1885. 
Zeitschrift fiir Naturwissenschaften. Folge 4. Band III, Heft 6, (1884,) and IV, Heft 1, 

(1885.) 8° Halle, 1884.1885. 
Zoological Becord for 1883. Vol. XX. 8° London, 1881. 
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GOVERNMENT SELECTIONS, BEPOETS, &c. 

Titles of Books, Ihnart. 

Bbngal.— Quarterly Bengal Army List for April lst» 1886. New Series, No. 92. 8° 

Calcutta, 1885. Gotbbhiibht of Ikbia, 

.,, Beport on Forest Administration in the Chota Nagpnr Division of Bengal, with 

a map. By D. W. Sohlich., PLD. Flsc. Calcutta, 1886. 

GoTBBVlCBirT OF INDIA. 

BouBAT. — Magnetical and Meteorological Obseryations made at the Government Observatory, 
Bombay, 1883. By Charles and F. Chambers. 4"" Bombay, 1884. 

BOKBAY GOYBBHMBirT. 

„ Selections from the Becords of the Bombay Government. New Series. Nos. 167 

— 169« Flsc Bombay, 1885. Bombay Gotbbnkbkt. 

India.— Annual statement of the trade and navigation of British India with foreign coun- 

, tries, and the coasting trade of the several Presidencies and Provinces, in 

the year ending Slst March 1884, No. 18. 4*" Calcutta. 1885. 

GOTBBNMENT OF IHBIA. 

„ List of Civil Officers holding gazetted appointments under the Government of India 
in the Home, Legislative, and Foreign Departments, as it stood on the 1st 
January 1885. 8"" Calcutta, 1885. Govbbnicbkt of India. 

„ Meteorological Observations recorded at six stations in India in 1884, reduced and 
corrected. November and December 1884. 4'' Calcutta, 1884-85. 

Goybbnmbnt of India. 

„ Beport on the course of Instruction given at the Forest School, Dehra Dun, during 

1884. Flsc, Dehra Dun, 1885. Goybbnmbnt of India. 
„ Beport on the Meteorology of India in 1883. By H. F. Bknford. 4"" Calcutta, 

1885. Goybbnmbnt of India. 
„ Selections from the Becords of the Government of India, Foreign Department, 

No. 201. Flsc. Calcutta, 1885. Goybbnmbnt of India. 

„ Statistical Tables for BritUh India. 4'' Calcutta, 1885. 

Goybbnmbnt of India. 
Madbas. — ^Annual Administration Beports of the Forest Department (Southern and North- 
ern Circles), Madras Presidency, for the official year 1883-84. Flsc. 
Madras, 1885. Madbas Govbbnmbnt. 

Punjab.— District Gazetteers : Kangra, Vol. II, and Kamal. 8" Calcutta and Lahore, 
1883-84. Punjab Govbbnmbnt. 

„ Beport on the Administration of the Punjab and its dependencies for 1883-84. 
Flsc. Lahore, 1884. Punjab Goybbnmbnt. 



TBANSACTIONS, PBOCEEDINGS, &c., OF SOaETIES, SUBVETS, &c. 

Batayia.— 'Boekwerlren ter tafel gibracht in de Yergadringen Van de directie der Kon. 

Nat. Yereen. Gedurende het Jaar 1884. Juli— December. ST Batavia 

1885. Thb Socibty. 

„ Catalogue der Bibliotheek van de Eon. Nat. Yereen in Nederlandsoh-Indie. 

S'' Batavia, 1884. Thb Socibtt. 
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Titles qf Books. Donors. 

Batatii. — Natanrkandig Tijdsclirift voor Nederlandsh-Indie. Deel XLIV. 8^ Batavift« 

1886. ' Thb Sooistt. 

„ Nederlandsh-Indisoh Plakaatboek, 1602—1811, Deel I, door J. A. Van der 

Chijs. S"" Batavia, 1885. Thb Socibtt. 

M Notalen vaa het Batanaasch Genootschap« van Eunsten en Wetenschappen. 

Deel XXII. Afl. 4. 8° Batavia, 1885. Thb Socibtt. 

Bbblin.— Zeitschrift der Dentachen Geologisclieii Gesellscbaf fc. Band XXXYI. heft 4, (1884)» 

and XXXYII. heft 1, (1885). 8'' Berlin, 1884—1886. Thb Sooibtt. 

BoSTOir.— 'MemoirB of the Boston Society of Natnral History. Vol. III. Noe. 8—10. 4"* 

Boston, 1884. Thb SbciBTT. 

„ Proceedings of the Boston Society of Natural History. Vol. XXIL, parts 

2—3. 8** Boston, 1883—1884. Thb Socibtt. 

Bbistok.— Beport of proceedings at the annual meeting of the Bristol Museum and 

Library, held 26th February 1885, with list of Officers and Council. 

8° Bristol, 1885. Thb Musbum. 

BBU86Bl8.-*Annales de la Soci^t^ Boyale Malaoologique de Belgique. 8""*. S^rie, Tome 

IIL 8'' Bruxelles, 1883. Thb Socibtt. 

„ Proc^s-Yerbaux des Stances de la Soci^t^ Boyale Malacologique de Belgique. 

Tome XII. p.p. 109—147, (1883), and XIII. p.p. 1—104 (1884) 8% 

Bruxelles, 1883—1884. Thb Socibtt. 

„ Bulletin de U Soci^t^ Boyale Beige de Geographic. Ann^e YIII. No. 6« 

and IX. No. 1. 8"" Bruxelles, 1884—85. Thb Socibtt 

„ Bulletin du Mns^ Royal d'Histoire Naturelle de Belgique. Tome III. 

Nos. 2— 4. 8*" Bruxelles, 1884— 1885. Thb Musbum. 

BuDAPBST.— Eri&uterungen zur geologischen Specialkarte der Lander der Ungarisdhen 

Krone. BUtt k- 15. 8*" Budapest, 1884. 

BOTAL HUKOABIAK GbOLOOICAL IbSTITUTB. 

„ Naturhistorische Hefle, herausgegeben vom Ungarischen National Museum. 

Band IX, No. 1. 8° Budapest, 1885. Thb Musbuic. 

CAXfCXTTTA.— Journal of the Agricultural and Horticultural Society of India. New Series, 

YoL VIL, part 3- 8^ Calcutta, 1885. Thb Socibtt, 

„ Centenary Beview of the Researches of the Asiatic Society of Bengal, from 

1784 to 1883. 8" Calcutta, 1885. Thb Socibtt. 

„ Journal of the Asiatic Society of Bengal. New Series. Yol. LIII., part 2, No. 3 

(1884), and LIY., part 1, Nos. 1—2 (1885). S'' Calcutta, 1885. 

Thb SoaBTT. 
„ Proceedings of the Asiatic Society of Bengal. Nos. 2—3. 8"* Calcutta, 1885. 

Thb Socibtt. 
„ Memoirs of the Geological Surrey of India. YoL XXI, parts 3—4. 8°, 

Calcutta, 1885. GbolooicaIi Subybt of Ikbia. 

u Fd»ontologia Indica. Series lY. YoL I, part 4. 4^ Calcutta, 1885. 

Gbological Subvbt of Ibdia. 

„ Records of the Geological Surrey of India. YoL XYIII, part 2. 8° Calcutta, 

1885. Gbolooical Subtbt of Ijtdia. 

„ Report on the Archseologioal Surrey of India. Yol. XIX. 8*" Calcutta, 1885. 

HovB Dbfabtmbnt. 
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Title* ((f Books, Donors. 

Calcutta. — Survey of India Department. Comparatiye scales of kilometres* miles and 

versts, the Russian alphabet, and tables of Russian weights, measures 

and money. Prepared under the direction of Colonel G. C. DePr^, S.C, 

Surveyor General of India. Flsc. Calcutta, 1885. Subvbt op India. 

,» Survey of India Department. Notes for March and April 1885. Flsc. Dehra 

Dun and Simla, 1885. Subybt of Imdia. 

Cambbidgs. — Nineteenth Annual Report of the Museums and Lecture Rooms Syndicate. 

4"" Cambridge, 1885. Thb Uniybbsitt. 

„ Proceedings of the Cambridge Philosophical Society. Vol. V, parts 1 — 3. 

8** Cambridge, 1884—86. Thb Socibty. 

„ Transactions of the Cambi-idge Philosophical Society. Vol. XIY, part 1. 

4^ Cambridge, 1885. Thb Socibtt. 

Cambbidob, Mass. — Bulletin of the Museum of Comparative Zoology. Vol. VII. Nos. 1*— 6 

(1881), Nos. 7—8 (1882), and No. 11 (1884), with title page, contents 

and Index for Vol. VII. 8° Cambridge, 1881, 1882 and 1884. 

MusBUM of Cokpabatiyb Zoology. 
„ Memoirs of the Museum of Comparative Zoology. Vol. XI, part 1. 4**, 

Cambridge, 1884. Mubbum of Oompabativb Zoology. 

Dblft.— Annales de TEcole Poly technique de Delft Livr. 1—2. 4^ Leide, 1884—85. 

L'ECOLB POLYTBCHNIQUB DB DbLFT. 

Dbbsdbk. — Featschrifl der Naturwissenschaftlichen Gesellschan; Isis in Dresden. 8* Dres- 

den, 1885. Thb Socibty. 

Dublin. — Scientific Proceedings of the Royal Dublin Society. New Series. Vol. IV, parts 

5—6. 8° Dublin, 1884— 85. Thb Socibty. 

„ Scientific Transactions of the Royal Dublin Society. New Series. Vol. III. 

Nos. 4—6. 4** Dublin, 1884—85. Thb Socibty. 

Bdimbubgh.— Transactions of the Royal ScoUish Sociel^ of Arts. Vol. XI, part 2. 8° 

Edinburgh,1884. Thb Socibty. 

Gbhbya.— M^moires de la Soci^t^ de Physique et d'Histoire Naturelle de Geneve. Tome 

XXVIII, part 2. 4° Geneve, 1883—84. Thb Socibty. 

Hallb. — ^Nova Acta Academis Csesarese Leopoldino-Carolin» Germanicsd Naturte Curio- 

sorum zu Halle. Vols. XLV& XLVI. 4** Halle, 1884. Thb Acadbmy^ 

„ Leopoldina. Heft XIX. 4^" Halle, 1883. Thb Acadbhy! 

Hobabt Town.— ^Papers and Proceedings of the Royal Society of Tasmania for 1884. 

8" Hobart Town, 1886. Thb Socibty. 

LAU8A2IKB.— Bulletin de la Soci^t^ Vandoise des Sciences Naturelles. 2nd S6rie. Vol. XX. 

No. 91. S"" Lausanne, 1885. Thb Socibty. 

Leydbh.— Sammlungen des Geologischen Reichs-Museums in Leiden. I. Beitrage zur 

Geologie Ost-Asiens und AustralieuB. Heft. 1—10. By Dr. E. Martin 

and A. Wiohmann. 8'' Leiden, 1881—84. 
LiBOB.^Annales de la Soci^t^ G^ologique de Belgique. Tome X. ^ Li^ge, 1882-83. 

Thb Socibty. 
Lisbon.— Communioa^^es de Sec^So Dos Trabalhos Geologicos de Portugal. Tome I. fasc 1. 

S"* Lisboa, 1885. . Geoloqical Subyby oy Pobtugal. 

LomooN.— Catalogue of tbe Fossil Mammalia in the British Museum, (Natural History.) 

Part I. By Richard Lydekker. 8"" London, 1885. Thb Musbum. 
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Titles of Books. Donors. 

L017D0N.— Journal of the Aotbropologtcal Institute of Qreat Britain and Ireland. Vol. XIV. 
No. 3. 8** London. 1886. 
„ Journal of the Iron and Steel Institute. No. 2, 1884. 8"^ London, 1884. 

Thb Institute. 

„ Journal of the Royal Asiatic Society of Great Britain and Ireland. New Scries. 

Vol. XVII, part 1. 8° London, 1885. Thb Society. 

„ Journal of the Society of Arts. Vol. XXXIII. Nos. 1684—1697. 8*" London 

1885. The Socibtt- 
„ Mineralogical Magazine and Journal of the Mineralogtcal Society. Vol. VI, 

No. 28. 8** London, 1884. 

„ Proceedings of the Boyal Geographical Society. New Series. Vol. VII. Nos. 

1--4. 8^ London, 1885. ' The Socibtt. 

„ Proceedings of the Boyal Society of London. Vol. XXXVIII. No. 233. 8% 

London, 1884. The Socibtt. 

„ Quarterly Journal of the Geological Society of London. Vol. XLI. No. 161. 

8** London, 1886. The Socibtt. 

MADEiD.^Boletin de la Sociedad Geografica de Madrid. Tome XVIII. Nos. 1—4. 8** 

Madrid, 1886. The Socibtt. 

Manohbbtbb.— Transactions of the Manchester Geological Society. Vol. XVIII, parts 4—9 

B° Manchester, 1886. The Socibtt. 

Melboubne.-^ Reports of the Mining Registers for the quarter ending Slst Deoemher, 1884 

Flsc. Melhoum**, 1886. 

Depabtkent of Mines and WATBB-srppLT, Victobia. 
Moscow. — Bulletin de la Soci^td Imp^riale dee Naturalistes de Moscow. Tome XXXIV 

No. 3. 8° Moscow, 1861. 

Mdnich. — ^Astronomisch-geodatische Bestimmungen, dea Bayerischen Dreiecksnetses. Sup- 

plementhand X, 8"* M iinchen, 1871 The Academt, 

„ Nachtrage zu den Zonenb eohachtungen der Stemwarte bei Miinchen. Supple- 

mentband XIV. 8*^ Munchen, 1884. The Acadbmt. 

Nbwcastlb-on-Ttne. — Transactions of the north of England Institute of Mining and 

Mechanical Engineers. Vol. XXXIV, part 2. 8° Newcastle-on- 

Tyne, 1886. The Institute. 

„ An account of the strata of Northumberland and Durham as proved 

by borings and sinkings. F.-E. 8° Newcastle-on-Tyne, 1885. 

The Institute. 

Pabis.— Bulletin de la Soci^t^ G^ologique de France. 3"°' S^rie. Tome XIII, Nos. 1—2 

8* Paris, 1885. The SociETr. 

„ Bulletin de la Socidttf de Geographic. 7"'' S^rie. Tome VI, No. 1. 8** Paris 

1886. The Society. 
„ Compte Rendu des Stances de la Soci^td de Geographic. Nos. 1—11. 8^ Paris 

1886. Thb Society. 

Philadelphia. — Journal of the Franklin Institute. 8'' Series. Vol. LXXXIX, Nos. 3—6, 

S'' Philadelphia^ 1885. Thb Institute. 

„ Proceedings of the Academy of Natural Sciences of Philadelphia. Part 

III, (1884), and I (1886). 8° Philadelphia, 1884-1886. 

The Acadbhy. 
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Titles of Boohs. Donors. 

P16A.— Atti della Sodeta Toscana di Soiense Natorali. Hemorid, ToL IV, fSuo. 8. 8° Pisa, 

1886. Thi Socixtt. 

„ Atti della Sooieta Toeoana di Soienze Natarali. Prooessi Yerbali. Vol. IV, 
pp. 147—202. 8' Pisa, 1886. Thb Socibtt. 

RoMB.— Bolletiino del R. Comitato Qeologioo d'ltalia. Vol. XY. h"" Soma, 1884. 

Thb O0KKI68IOV. 

„ Relazione sal Servizio Minerario nel 1882. 8* Boma, 1884. 

Thb C0MKI8810B. 

Sacbahbnto.— California State Mining Bnrean. Fonrtb annnal report of the State Miner- 
alogist for the year ending 16th May 1884. 8^ Sacremento, 1884. 

Caubobkia Statb MiRuro Bubbav. 

8t. Pbtbbsbubo. — Bnlletin de L'Aoadtfmie Imp^riale des Soienoes de St P^texsbonrg. 

Tome XXI, No. 6. (1876), and XXIX, Nos. 2—3, (1884). 4^ St Peters. 

bourg, 1876 and 1884. Thb Acadbmt- 

„ Mtfmoires de L'Acadtfmie Imperiale des Scienoes de St Ptftersbourg. 7"' 

Serie. Tome XXXn, Nos. 4— 12. 4'' St P^tersbouig, 1884. 

Thb Aoadbmt. 

,, Bulletin of the Geological Commission. Vols. Ill, Nos. 8 — 10, and lY 

Nos. 1—2. 8'' St Petersburg, 1884—1886. Thb Coxmusiok, 

„ Mtf moires du Comity Q^ologique. Yol. II, No. 1. 4^ St P^tersbourg 

1886. Thb Cohmibsiok. 

Salbm. — Annual Reports of the Tmstees of the Peabody Academy of Science, 1874 to 1884^ 

S"" Salem, 1886. Thb Aoadbmt. 

„ Bulletin of the Essex Institute. Yol. XY, Nos. 10—12. 8*" Salem, 1883. 

Thb Ihstitutb. 

„ Proceedings of the American Association for the advancement of Science. 32nd 

Meeting. 8^ Salem, 1884. Thb Association. 

San Fbancibco— Bulletin of the California Academy of Sciences, Nos. 2—8. 8^ San 
Francisco, 1886. Thb Aoadbict. 

Stpnbt— Australian Museum, Sydney. Catalogue of the Australian Kydroid Zoophytes. 
By W. M. Bale. 8*" Sydney, 1884. Thb Musbuh. 

„ Supplement to the Beport of the Committee of Management of the Australian 
Museum for 1884. Flsc. Sydney, 1886. Thb Musbux. 

Tobino— Atti della R. Accademia delle Scienze di Torino. Yol. XX, Nos. 1—6. 8'' Torino, 
1886. Thb Acadbxt. 

„ Memorie della Reale Accademia delle Scienze di Torino. Serie II. Tomo. XXX Y. 

4* Torino 1886. Thb Acadbxt. 

YiBNNA— Abhandlungen der K..K. Geologischen Reiohsanstalt, Band XII. Lief 4. 4^ Wien, 

1884. 

„ Jahrbuch der K. K. Geologischen Reiohsanstalt Band XXXIY, heft. 4. S"" Wien, 

1884. Thb Institutb. 

„ Yerhandlungen der E. E. Geologischen Reiohsanstalt, Nos. 3-8. 8° Wien, 1886. 

Thb Institutb. 

„ Denksohriften der E. E. Akademie der Wissenschaften, Band 47. 4'' Wien, 1883. 

Thb Acadbxt. 
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THUS of Boohs, I)onor9, 

Vienna — Sitziing8bericht6*d6r K. E. Akademie der Wissensobaf ten. Band LXXX VII Abth. 

II, heft. 4-6. Band LXXXVIII Abth. I, heft. 1—5; Abth. II, heft. 

1— 6;Abthni, heft. 1—6. Band LXXXIX, Abth. II, heft. 1—5; 

Abth. ni, heft. 1—2. 8** Wien, 1883-1884. Thb Acadbmy. 

Washington— -Bolletin of the U. S. Geological Survey. No. 8. 8^* Washington, 1884. 

U. S. Qeol. Suevby. 
„ Memoirs of the National Academy of Soiencee. Vol. II. 4° Washington, 1884. 

The Academy. 

YoBE — ^Annual Report of the Council of the Yorkshire Philosophical Society for 1884. 8** 

York, 1885. The Society. 



MAPS, 

Carte G^ologiqae G^nerale de la Bussie d' Europe publico par Ic Comity G^ologique. Feuille 

71. 1885. The Commission. 

GeologiBche Karte des Ostabhanges des Urals. (3 sheefs.) The Commission. 
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RECORDS 

THE GEOLOGICAL SURVEY OF INDIA. 

Part 4.] 1885. [November. 

Sketch of the Progress of Geological work in the Chliattisgarli DiviBion of the 
Central Provinces, by William Kino, B.A., D.Sc.^ SujperirUendentf Geological 
Bwrvey of India. (With a map.) 

The large area of conntry included under the aboye heading embraces, besides 
Chhattisgarh proper, a small tract on the eastern edge of Balaghat and.Mundla 
on the one side, and a much wider extent of the Sirgujah and Grangpur territories 
of Ghota Nagpur to the far east. At long intervals, since 1866-67, traverses 
across the whole region, or at several points on its borders and within it, were 
made by Messrs. Medlicott, W. T. Blanford, and Ball, their observations having 
been recorded in manuscript or in the publications of the Survey.^ 

The more connected examination of the area has been resumed within the 
last two years, and on the following already recognised provisional succession of 
formations : — 

Decean trap, 

Kamthi. ^ 

Barakar. > LOWXB GoimWANA. 

Talehir. y 

Limestone member. i ^ _ 

Sandstone „ } LowKB VnmHYAKS. 

Chilpi beds. ? Do. 

CBYBTALLIirXS. 

It was to be expected that closer work might possibly, lead to a modification 
or even an enlargement of this list : as will be seen later on, this has been the 
case in so far as I have been led to look on certain rocks as belonging to a tran- 
sition series rather than to the Lower Yindhyans, — a view at which I had arrived on 

1 Medlicott. M.S. 1866-67. Blanford, M.S. 1869-70. Becords, G. S. L, III., pp. 64 and 
71. Ball, Records, G. S. I., IV., p. 101 ; YIIL, p. 102; X., pp. 167 and 186. Manual of the 
Geology of India, Part I, pp. 75, 128, and 199. 
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independent observation of strata wldch Had not escaped tlie vigilant scmtinj of 
Mr. Medlicott, who was also struck witli their snb-metamorphic facies. 

The sequence of the limestone and sandstone members of the Lower Vindhy- 
ans of the Chhattisgarh basin has already been discussed to some extent by Mr. 
Ball in these Records, i partly without due regard to the extent and completeness 
of the basin in itself and through a comparison of these with certain members in 
adjacent regions. The evidence gained in the present examination is, however, so 
clearly corroborative of Mr. Medlicott's first position that all questions regarding 
it may now be laid aside. At the same time,. not only on this point, but on the 
view of the interpolation of a transition series and the possible absorption by it 
of some at least of the rocks included under the Ghilpi beds, it would long ago 
have been of the greatest advantage had Mr. Medlicott's progress report been 
published. Its reproduction is now more desirable than ever, and, with the 
Director's permission, it is embodied in the present paper. 

The most striking feature of the Chhattisgarh country is its great plain or 
basin which stretches far to the eastward and southward from the foot of the 
steep-crested and ridged slopes fringing the Mandla-Amarkantak plateau, or 
that part of it which is called the Maikal range. This range, and a great 
N.-S. spur stretching into Balaghat and Bhandara as the Saletekri hills, form a 
sort of rectangular north-west corner of the basin. Not far from the southern 
end of the Saletekris, the southward limitation of the basin is formed by the 
much lower Raipur, Bilaighar, and Sarangarh hills, the skiris of the long north- 
em slopes of which trend north-north-eastwards past Raipur and then away 
along the right bank of the Mahanadi ending in the Bara Pahar range, some 
30 miles west of Sambalpur. The latter range drops down to the groat river, on 
the opposite or left bank of which the rim or edge of the basin is continued in a 
series of high ridges striking north-westward past Raigarh, thus closing in the 
great plain at its eastern end. The hilly border is thence continued rather more 
west-north-westward across the Mand and Hasdu rivers, and so by detached and 
lesser ridges past Ratanpur (some 30 miles north of Bilaspur) to the foot of the 
slopes of the Maikal range below Amarkantak. 

No more perfect geographical and geological basin could be instanced ; for, 
except on the west and north-west sides, the rim-like edging of hills and ridges 
consists of gently or more strongly up-turned beds rising from under the flat- 
ter-lying strata of the plain with which they are formationally associated. We 
have thus come to distinguish what may be called the rocks of the plain, and 
those of the rim as synonymous with the ' limestone ' and ' sandstone ' members 
of the Chhattisgarh Vindhyans. 

The Korba plains to the north-east of Bilaspur form a sort of supplementaiy 
or outside stretch of low country ; but this cannot be looked on as a part of the 
proper basin, from which it is separated by the low ridges and larger hill masses 
of Ratanpur, Soti, and Dulha, while its main rivers, namely the Arpa, Hasdu, 
and Mand, cut across or through this part of the rim in their course to the Maha- 
nadi. This tract is also geologically distinct, beiug made up of crystallines and 
Gondwana rocks. 

J Vol. X, p. 167. 
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The Pendra upland to the north, which might also be considered a portion of 
the northern edge of the great basin, is remarkable as being a part of the divide 
between the great sonthern feeders of the Ganges and the northern drainage of 
the Mahanadi, as well as the connecting link between the Amarkantak end of 
the Satpura range and the loftj platean highlands of Chota Nagpnr. 

Cbystallihe Series. 

It is scarcely necessaiy, even if it were possible, considering the very cnrsoiy 
form of examination consequent on attention having been given to more im- 
portant formations, to dwell at any length on the different gneisses and granitoid 
rocks constituting the floor of this field ; thongh a general idea of their mode and 
style of occurrence may here be given. 

On the? north side of the basin, that is, by Lurmi, Pendra, Mahtin, Uprora, 
and Eorba, good strong-bedded gneisses of the more massive quartzose, quartzo- 
felspathic, and homblendic varieties, are common, particularly in the slopes or 
gh&ts separating the Pendra country from the Bilaspur plains ; though the upland 
itself, as far north as Pendra at any rate, is of unfoliated and very coarsely 
granitoid kinds. The ghat rocks are all more or less foliated, or laminated 
and bedded, in a general E.-W. strike, with a high dip to southwards, though 
this becomes less and less inclined towards the foot of the hills. A cross traverse 
from Pendra southwards by the Suknai and Arpa valleys shows the granitoid 
rocks to the edge of the upland, where they are succeeded by the foliated 
gneisses with which are associated frequent thick beds, or sheets of coarsely crys- 
tallized red felspathic granites, or more highly altered forms of gneisses. Strong 
quartzose gneisses, quartz-rocks, and some schists, still having the E.-W. strike, 
come in below the gh&ts and occupy the low country (much covered up with 
alluvium) nearly as far as the Batanpur group of hills. Other traverses in the 
same direction but further and further east, over the Lapha hills, or from Mahtin 
down to Korba, and in Uprora, show a similar succession of gneisses. The 
general E.— W. strike is not only seen in the rocks themselves, but it is, as it were, 
stamped on the face of the country in the wonderful system of long, narrow, 
and deeply-carved ridges and valleys to the south of Pendra and about Mahtin. 

In the Korba valley, the crystallines are extensively covered up by Gondwana 
rocks ; but a belt of granitoid gneisses, with subordinate hornblendic and quart- 
zose schists, shows a few miles to the south and* south-east of the town, and narrows 
off in the latter direction towards the Mand river. Gondwanas and Yindhyans 
then intervene as far as Baigarh, where a further thin belt of quartzo-felspathic 
granitoid rocks, with frequent ridges of quartz schists or quartz-rock (occasionally 
having more the character of fault rock) and bosses of homblendic or syenitoid 
varieties, stretches in a south-east direction towards Sambalpur.. 

? Transition Series. 

In treating of these rocks, I labour under the disadvantage of having seen 
them in detached areas and then only on a traverse while marching across 
country to take up a far distant coal-field near Sambalpur ; or, later again, when 
more especially following out the northern edge of the Chhattisgarh basin. 
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Furtlier, they are at these places in contact or very close to, and in some of their 
characters not nnlike bottom strata of the Lower Vindhyan outcrops. 

On the march from Pendra sonth to Bilaspnr, the gneissic rocks were traced 
into the rugged low country of Kenda; beyond which lies a wide stretch of 
superficial deposits in the Khaira Talley, extending to the northern skirts of the 
low group of Batanpur hills where* are traces of quartz schists not so manifestly 
gneissic as those to the north in Kenda. The higher hill block west of Ratan- 
pur, or to the north of the old city, is made up, on its south-western slopes at least, 
of a decidedly different set of rocks — ^namely, hard, massive, quartzose strata, 
generally of a green colour, associated with f oliaceous and rather compact green 
mica schists or coarse clay slates weathering of pale-brown and reddish colours. 
There are also thick bands, apparently in the strike, of dark-green traps (green- 
stones) or trappoids. The low hillocks to the west and south-west of the old city 
consist of low-dipping quartzite sandstones and shales. There is some twisting 
and rolling about of the beds ; but the general strike is N.W.-S.E., the dip being 
to the north-eastward. The low, but very steep, ridge on the western side of 
the Dulha tank is of much crushed and white quartz-stringed quartzite (nearly 
quartz schist) having a high dip to north-east. 

Here, therefore, without taking into account the different style of the rocks, 
18 a series having a strike in strong contrast with the prevalent E.-W. one of the 
proper crystallines; and not only is this the case, but even a stronger discordance 
exists between them and the Yindhyans, for these quartz schists of the Dulha 
ridge are crossed at their southern end by bottom sandstones of the latter series 
which are striking W. by S.-B. by N. and dipping 20°-30° southward. These 
sandstones are only some 60 or 70 feet in thickness, but they are well marked 
in the long low ridge forming here a part of the lip or rim of the great basin. 
The section is quite clear on the Bilaspur-Batanpur high road. 

The next exposure of similar rocks lies some 12 miles to the east-south-east, 
on the western slopes of the Soti hill (2,646 feet) mass. On passing eastward 
from the Vindhyan limestones of the plain, about Pondi and Bamini, I found 
that the first ridges are of strongly-crushed quartzite and quartz schists, exactly 
like those of the Dulha tank ridge, having very much the same strike and verti- 
cal or with a high inclination to the eastward. These are then succeeded, after 
a narrow strip of covering alluvium, in the slopes by strong compact schists or 
coarse clay-slates, and hard massive dark-green quartzose rocks, with which are 
associated, to all appearance in the strike, greenstones and trappoid rocks. Like 
rocks are traceable over the Nilagar valley into the Dulha hill (2,447 feet) 
mass to the southward and away in an east-north-east direction by Baluda, almost 
as far as Panora on the road to Korba ; the more prominent exposures being, 
however, quartz-rock or quartz-schist still having a generally N.-S. strike.* 

Lower Vindhtans. 

Mr. Medlicott's so long reserved progress report will form a fitting introduc- 
tion to the consideration of these rocks. 

1 As will be seen in the next section, Mr. Medlicott had also visited this Dulba-Soti area, 
but my observations were made without having previously seen his report. 
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Vindhyans of the Mahcmadi. 

" Wten I first came upon these rocks in this section of the Hasdn, I took 
them to be Talchirs, and even tried for a couple of day 
TakhTrl. '^"'^^*^''® ^ to accept them as such. The colouring of Mr. Hislop's 
map gave a direct determination to this view ; and at this 
particular spot it chances that the rocks lend themselves to that supposition : 
there are thick beds of fine calcareous clays in abrupt contact with gneissose 
rocks. But the notice from the first of a considerable departure from the Tal- 
ehir type rapidly widened into a total separation ; although characteristic Tal- 
ehir rocks were observed at a short distance to the north, I looked in vain for 
them here ; and characters were soon observed, which have never been noted in 
Talchirs, but which are common in pre-Talchir groups. 

" The sandstones are strongly bedded, often coarse and 
rusty, often pure and fine, quartzite sandstones. 
** There are massive fine homogeneous clays, often affecting a flat nodular struc- 
ture (resembling somewhat the splintery clays of the Tal- 
chirs). There are also finely laminated siliceous shales ; 
these are often calcareous, and pass insensibly into finely laminated siliceous lime- 
stones, in the manner so common with some of the lower- Vindhyan bands of the 
Sone and of Bundelkhand. These shales seem also con. 
orce amc vanety. ^^q^^ ynth. fine flaky siliceous and gtMW»-felspathic beds, 
very hard and compact (porcellanic) on a fresh fracture, but betraying their 
flakiness by weathering. These beds, too, find their exact analogues in the 
lower- Vindhyans. 

" Limestone is perhaps the commonest rock at the surface all over the plains of 
Chhattisgarh. It is seldom a pure homogeneous rock, being 
often flaky and earthy-siliceous, and often also the siliceous 
matter is distributed in strings or in irregular concentric concretions. 

" It would seem to be only in the most general way that these several rocks 
observe any order of position. I think all these types 
may be observed as a bottom rock, resting upon the meta- 
morphics. But there is a decided preponderance of the sandstone in this position. 
It would seem that the sandstones never attain a considerable thickness save at 
or near the base of the series ; I would conjecture, too, that they are altogether 
absent towards the top. This variability in the deposits is also a point of simi- 
larity with the lower- Vindhyans, and with the rocks described this year by ' 
Blanf ord in the Godavari area. 

" Ab the most frequent bottom rock, the sandstones are seldom seen in force, 
except near the boundary ; but they are nowhere so much 
Distnbution. developed as in the south-east, resting on the gneiss of the 

Jonk area and of Sambalpur, and forming ridges running northwards from that 
area. If one wanted an appropriate name for the band, " the Chandarpur sand- 
stone *' might be adopted. I have nowhere seen them so well exposed, or in so 
great force, as in the ridges running south from the Mahanadi at Chandarpur. 

" I can indicate no constant position for the limestone. It seems thoroughly 
associated with the shales overlying the Chandarpur sandstone. 
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" The position here distinctly assigned to the sandstone is the same aa is con- 
jectured by Blanf ord for the Pranhita sandstone, with reference to the Pern shales. 
In the Sone area a qnartzite sandstone is the most general bottom rock of the 
lower- Vindhyans . 

" In describing the boundaries of these rocks, the foregoing observations will 
be illustrated and amplified. 

" The boundary of these Vindhyans with the crystalline rocks on the south is 

^ , much more simple than on any other side. Here only is 

Southern boundary. ., j- i_- . j • i • j- • i i. j 

there a distinct and unequivocal case of simple unaltered 

super-position. Close to the right bank of the Mahanadi, east of Arang, the shaly, 
flaggy, dark siliceous limestone shows with a steady inclination of 3^ to 4^ to west- 
wards ; and on the rising ground to eastwards the strong- bedded sandstones pass 
up from beneath the limestones and shales to form a low range of hills. These 
hills present a gentle slope to the west, and are scarped along the eastern face, 
in which can be admirably seen the junction of the massive sandstone resting on 
coarse granitoid gneiss, and largely made ud of its debris; this debris is not 
coarse and water-worn, but gravelly, and still undecomposed. The very gradual 
nature of the junction is well seen in the east-west gorges, the crystalline rocks 
appearing in the valley for a mile or more to westwards of the general north 
and south line of scarp, and with sloping scarps of sandstone on either side. 
From the steadiness of this feature, I wa« led to conjecture that the eastern exten- 
sion of the sandstone would be limited with much regularity by the north and 
south line of scarp. I was therefore surprised to find the sandstones at one spot 
half a mile in front of that line, and at i^e general level of the crystalline are 
of the Jonk ; but this is little more than 100 feet below the line of junction in tne 
scarp ; I imagine however that such outliers are exceptional on this side of the 
granitic area. In passing eastwards along the road, the scarped hill range I 
have just described is seen to the north cujrving round to the east towards 
Sarangarh ; and I have no doubt the rock-features are quite similar to those on 
the east, the sandstones thus encircling the crystalline rocks on west and north. 

"The Raipur and Sambalpur road runs nearly east and west, and for 50 
miles there is no rock but crystallines; the sandstone hills appearing at a 
greater or less distance on the north. In Phuljhar there is a break ; a bay (now 
a region of hills) of Vindhyan rocks stretches southwards from the main area 
of the Mahanadi, separating the crystallines of the Jonk from those of Sambal- 
pur ; the two being probably continuous on the south, in the Borasambar State. 
For a long distance to the west along the road the high scarped ridge of Siswal, 
in Phuljhar, betrays the presence of more regular stratified rocks. On the road, . 
a few score yards to east of the Katli river, on meridian 83°, one comes, without 
any separating surface feature, upon fine crushed and slaty silt beds, with some 
associated beds of brown coarsish sandstone. Although much compressed, the 
stratification is not greatly disturbed, as can be seen by the lie of the sandstone, 
and by the position of the imperfect nodular structure of the clays which seems 
always to preserve the flatness in the plane of bedding. I at once recognised 
these rocks as identical with what I had seen about the north boundary and 
elsewhere in the Vindhyan area; and hopes were raised, that in the high 
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scarped hills close by on the east I sliotQd find higher beds of the series than 
any I had yet seen. On approaching Bindala hill (some 16 miles north of the 
road) I was snrprised to come again npon crystalline rocks on the low ground and 
reaching np to the foot of the scarp. Further exploration in the same north-east- 
erly direction confirmed this observation : crystallines weather out here, there, 
or anywhere, from under the sandstone, with small regard to levels. Thus the 
general character of the junction here is the same as to west of the Jonk; the 
bottom portion of the sandstone in the Phuljhar hills is disposed to be shaly 
rather than coarse and massive like that of the boundary in Baipur ; and the 
fine argillaceous beds, the first rock noticed in these eastern sections, was not 
observed in the single section I examined west of the Jonk (from the greater re- 
gularity of the boundary there, I dare say they are nowhere exposed) ; but, as 
already remarked, these argillaceous rocks are exactly like beds seen elsewhere, 
and I believe them here, as elsewhere, to underlie and partly to represent the 
sandstone which caps the gneiss of the higher levels. In these sections we thus 
find locally well exhibited what I have stated to be the relation of the sand- 
stone generally — that it cannot be looked upon as a bottom group of the series, 
although very often seen as bottom rock. There is no presumption either that it 
is generally represented along any horizon. I can give no certain criterion of the 
beds which overlie the sandstones as compared with those which underlie them ; 
the latter appear to be less shaly and more massive and of a darker colour, and 
perhaps, free from limestone, although apparent exceptions to this will be noticed. 
" From Phuljhar I marched northwards along the sandstone range to Chandar- 
pur. The sandstone must be several hundred feet thick, and most of it is a 
fine, white, [pure quartzite-sandstone like much of the upper- Vindhyan rock. 
The range is on a distinct anticlinal ; the pale shaly, flaggy, calcareous upper parts 
showing on both sides close to the base and inclined from it. The Kenkaradi 
river occupies a basin of these upper beds to east of the Chandarpur range; the 
hills to the south-east being, I have no doubt, formed of the sandstone sloping 
up in that direction and forming a scarp over the crystalline area of Sambalpur. 

''Proceeding eastwards along the south boundary, there may be noticed a 
gradual change from the perfectly undisturbed condition of the normal junction 
in Baipur, as already described, to the greatly disturbed and very complicated 
junction that runs in a north-westerly-south-easterly direction through Sam- 
balpur and Raipur and forming the eastern boundary of the Vindhyan area of the 
Mahanadi. The intricate and rugged hill group of the Bara Pahar is formed at 
the confluence of those two boundaries. Before attempting to sketch the features 
of the eastern junction, I will notice the less complicated one on the north. 

" In going northwards from Bilaspur to Batanpur, the shales, limestones, and 
subordinate flaggy sandstones, which spread horizontally 
^* beneath the plains of Chhattisgarh, are concealed by soil 
and alluvium to within 2 miles south of Batanpur, where a low easih-west range 
of hills rises abruptly from the alluvial flat. The ridge is formed by a band of 
strong-bedded standstones, mostly coarsish and with an insufficient rusty ochreous 
matrix, but some of it fine and pure. The band is not thick ; may be 50 feet and 
under. It seems slightly to alternate with and to overlie streaked red and g^reenish 
slaty shales. V^ry locally one may observe apparent total unconf ormability between 
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the sandstones and the shales below them, but I believe these cases to be entirely 
due to crashing between yielding and unyielding materials ; for in the best sec- 
tions, as wallas in the general alltire, there is full evidence of conformable associa- 
tion. The nature of the disturbing action along this zone is best seen by the beha- 
viour of the sandstone ; the elevation from the north does not seem to have been very 
marked or very direct ; for several miles in width the sandstone may be seen form- 
ing little ridges having any direction and slope, and all at about the same level. 
In the little ridge over Batanpur this strike is north-north-east and the dip 30^ to 
eafit-south-east ; a mere capping of sandstone resting conformably on the shales.^ 

''On the Batanpur section the junction with the crystallines is concealed 
beneath a longitudinal valley. The zone of special disturbance may be about 
5 miles wide. 

"I crossed this boundary again at some 30 miles to west of Batanpur^ 
where the rocks are better seen, and one actual junction exposed. At Lurmi 
the same band of sandstone forms very low (40 feet) ridges, rolling about at 
Small inclinations, and with little regard to direction, the same type of disturb- 
ance as at Batanpur; and it soon settles down under the pale shales and 
limestones of the plains to the south. In the Muniari, just above Lurmi the 
rocks under the sandstones are admirably exposed. They are massive beds of 
fine ( P siliceous) clays, some exceedingly fine, others more gritty ; mostly of a red 
colour, often streaked with green, and some greyish-brown. A fine lamination 
is often traceable in all ; and the bedding is easily discerned. The dip is variable^ 
not exceeding 10° to 12° — a southerly direction prevailing ; but the effects of great 
crushing are manifest in the irregularly intersecting systems of planes of jointing 
or pseudo-cleavage that traverse the whole mass. In these also an east— westerly 
strike is the most marked ; the effect of which is such that in mere ground -sec 
tions on paths one would note the rocks to be slates, with an east-west cleavage. 
In the finer beds the disintegration of the rock is further complicated by an 
original, flat, concretionary structure, which produces concentric exfoliation. 

" At 3 to 4 miles north of Lurmi there is a very steady range of hills, running 
about 5*^ north of east, south of west, the south face of the crystalline area to the 
north. This straight ridge is here several miles wide, and tolerably flat-topped. 
The gneiss lasts to the edge of the south fece ; but the spurs, from the very top, 
are of streaked reddish and greenish slaty rocks ; very locally even there is an 
appearance of incipient foliation. The water from the higher level trickles 
down over a steep surface of gneiss into gullies through the slates. The junc- 
tion is amply exposed; there is no clean-cut plane of separation; not a sign 
of intervening vein rock ; no trace of slipping between the two ; within a few 
feet or inches the change is complete, the rocks being just as it were soldered 
together. 

" By aid of the lamination, and of an occasional flaggy layer, the bedding can 
be observed; at the spot I examined there was, for a few feet wide, a low 

^ It is in these shales that copper ore was reported to have been found and formerly 
worked ; but I could find no definite foundation for the report, nor any confirmation of it in the 
rocks. The piece of * ore' sent to me by the Deputy Commissioner (Mr. Chisholm) was merely a 
bit of red (copper coloured) shale. 
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inclination towards the gneiss, and then a low inclination from it ; the whole state 
being exactly like what is seen in the river at Lnrmi, only slightly intensified. 

" The observations I have recorded seem altogether to indicate a normal rela- 
tion between these series of rocks— an aboriginal contact. This view is strongly 
eorroborated by the appearance, abont half-way between Lnrmi and the hills, of a 
band of gneiss on the low ground* Its presence is not marked by any surface 
feature or peculiar contact-rook ; it seems simply to have weathered out from 
beneath its covering of shales. The only thing to suggest a faulted boundaiy 
here would be its straightness : the run of the junction north of Lurmi would just 
about cut its position north of Batanpur, 30 miles to eastwards. But a geolo- 
H^st in India ought to be the last to ignore the efEects of straight scarped bound- 
aries among the original conditions of rock formation. 

'< For some distance, at least, the same boundary runs steadily to westwards, 
but I should think that it curves southwards before reaching the trap scarp, for 
there are some symptoms of the lower boundary of the Vindhyan rocks being not 
far off from the western limits of the present area, although now concealed be- 
neath the trap of the Mandla plateau. 

" One of the most striking general features of this area of Vindhyan rocks is 
^^ the almost undisturbed condition of the strata all over 
' ' the central area up to within a comparatively narrow belt 
aloDg the boundaiy. Except on the partial south boundary first noticed, such is 
markedly the case. It is a remarkable instance of geographical extension pre- 
scribed by structural features in very ancient deposits ; and ifc is doubly interest- 
ing to find symptoms of those structural features themselves being connected 
with original conditions of deposition. It will readily be understood how the 
arrangement I have just indicated should introduce a difficulty to the correct 
appreciation of the Vindhyan series itself : the topmost strata are almost confined 
to the low grounds, where they show the miuimum of disturbance ; while the 
bottom bands rise along the boandary and are often much modified by contortion 
and compression. One has to seek far and wide for proof of the two being really 
continuous. The contrast I have here described is nowhere more marked than 
on the section of the Hasdu, where (unfortunately) I first came upon these 
Vindhyans ; and the degree of contrast will be illustrated when I say that for 
two days I noted the upper bands as Talchir (although of abnormal character), 
while the lower beds passed as a new form of hypo-metamorpbics. 

" It was along the western boundary that I got the best instance of the upper 
group being subjected to the full measure of disturbance. The scraggy east — ^west 
ridge stretching past Pandaria on the north is principally formed by the pink and 
blue cherty limestones and the shales so intimately associated with them, the same 
as are found spread out at the surface all over the low plains of Chhattisgarh ; in 
this ridge all are confusedly crushed up on an E.-W. strike. In the hills to 
south-west of Pandaria the N.E.-S.W., and KN.E.-S.S.W. strikes that 
obtain along the western boundary come in. 

'' The western boundary, as far as I saw it, bears a general analogy to that on 
the north ; from Ratanpur westwards, a belt, some 5 miles wide, of hills com- 
posed in the main of slaty shales separates the plains from the scarp of the Maudia 
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plateau. A gradation of disturbance is observable from the base of the hills, 
wherever rock is exposed on the plains, the inclination being from the hills. In 
the outer ridges a band of sandstone is traceable ; but towards the north it is very 
subordinate. The slaty shales forming the mass of the hills may well represent 
the similar rocks north of Lurmi. In the Chilpi ghfet section, on the Bilaspnr- 
Jabalpur road, they last up to the base of the scarp, where they are overlaid by 
the basalt, at a level corresponding to that of the general height of the fringing 
hills. There must be here a much greater thickness of shales than along the 
northern boundary ; but here, too, the thickness need be much less than would be 
at first sight conjectured ; for, although the strike is more steady than in the zone 
of disturbance along the northern boundary, reverse dips are observed, and also 
frequent exceptions to the N.N.E., S.S.W. strike, showing repetition of the 
same beds. There are also mineralogical characters corresponding with the strati- 
graphical differences I have noted. Well in towards the base of the main ascent 
trappoid rocks appear; but I failed to make out anything definite regarding 
them, or to separate them and the rocks with them from the general mass. I am 
disposed to think they may be local metamorphic forms of the Yindhyan shales 
in the line of maximum compression. 

" I may here notice a peculiar rock only observed in this and in one other 
locality. For some little distance below the junction of the basalt on Chilpi gh&t, 
I noticed the surface strewed with large (10" to 12*) well-rounded boulders of 
quartz and of crystalline rocks. At first sight I took them to be debris from the 
infra-trappean conglomerate ; but this notion was soon dispelled by the fact that 
many of the boulders were more or less shivered, and re-cemented, after slight 
distortion, by silica — an evidence of violence never observed in Lameta beds. I 
soon found the boulders in place in the underlying series imbedded in a crumb- 
ling earthy slaty matrix, in which I could detect a high westerly underlie. This 
is here the contact rock, overlaid by a few feet of white Lameta limestone, which 
is succeeded by a dark greenish-grey earthy crystalloid sub-amygdaloidal trap. 
This conglomerate may, perhaps, be taken as confirmatory of the conjecture 
already hazarded, that the crystaUine rocks are not far off to westwards, although 
the boulders are so thoroughly rounded that they may have traveled any distance ; 
the whole deposit has a diluvial character that suggests the proximity of fringing 
declivities. The other occurrence of this conglomerate is more obscure : it is on the 
east of the Yindhyan area. The sandstone ridge of Chandarpur has been described 
as running north and south ; an axis of contortion (presumably in connection with 
subjacent features) between two basins of the upper strata. The range termi- 
nates in the Mahanadi at Phandarpur ; but in the line of its continuation unusual 
disturbance is traceable, affecting even the upper beds of the series. At about 
5 miles north of Chandarpur a small north-south chain of low hills occurs ; to all 
appearance they are composed of a mass of well-rounded boplders just like those 
of the Chilpi gh&t section. I could nowhere get at the matrix in which they are 
buried ; it must be some soft material like that of the Chilpi gh&t conglomerate. 
" South of Chilpi gh&t, th6 characters of the western boundary are similar to 
what has been described. Below Sahuspur, the sandstone becomes more prominent 
i n the outer ridges, and the slaty and hy])o-metamorphic rocks below it are also more 



Digitized by 



Google 



PART 4.] King: Progress of Qeologkal wort, {Chhattisgarh DIvisioD. 179 

developed ; above Madanpur, they rise to the top of the main scarp, without any 
capping of Lameta beds or of trappeans. These rocks, underlying the sandstone, 
may probably be studied to advantage in the ground to south-west of Mohanpur. 

'' It was noticed along the southern boundary that there is a gradual increase 
iw.il- ^^ irregularity and of disturbance from west to east, coming 

to a climax in the Bara Pahar, north-west of Sambalpur, at 
the confluence of the two boundaries. There is a very similar change, but much 
more complicated on the north, where the Kamra hills offer a very close analogy to 
the Bara Pahar. The very regular and comparatively simple junction described 
to west of Katanpur is altogether changed to east of that place ; the crystalline 
rocks, which seem throughout to underlie the belt of disturbance at no great 
depth, rise to the surface ; and the line of contact from close to Katanpur to 
beyond Dulha hill, 20 miles to south-east, follows a very irregular course, which I 
had not time to follow out in detail. In this area, south-east of Batanpur, 
there are decidedly metamorphic rocks, altogether different from the thorough 
gneissic rocks of the region to the north ; there are also rocks which so exactly affect 
the characters of the bottom Yindhyans, that I must, provisionally at least, 
identify them as such, while at the same time I failed to detect any decided separa- 
tion of these quasi- Yindhyans from those quasi-metamorphics. I can only hope 
to describe the facts and state the difficulties intelligibly, without offering a very 
decided opinion thereon. Let it be remembered that I made no stay to work 
out the case : I am only recording single observations. 

'' In the section of the Hasdu, the case is stated most clearly. Immediately 

^ ^ ,. below Satiffuri there is a contact well exposed. The fine- 

Hasda section. .-i. ... ,-i^i.ii .-i* 

grained gneissose quartzites, which form the rapids of 

Chicholi, are still vertical with a northerly strike. A strong bed of coarse rusty 

pebbly sandstone seems to rest upon a weathered surface of the metamorphic 

quartzites; the section is very low; and considering, as I did at the time, 

these overlying beds to be Talchirs I did not examine the contact so closely as I 

should otherwise have done, bat I believe the relation to be as I have stated it. 

The sandstone slopes southwards, and is overlaid by fine pale shales, and these 

again by a strong band of tough grey (non-f el spathic) sandstones with pebbly 

surfaces. Thick dark-grey shales succeed, and are overlaid by paler calcareous 

beds, locally a banded laminated limestone. The pale red varieties cover these and 

occupy the surface south of Nowagaon. These beds are the regular upper 

members of the series, and the sandstone represents that already so often 

mentioned. Its thickness here may be 30 to 40 feet in the two bands. It forms 

the little ridge running for miles to west-south-west from the river. It may be 

affirmed that no supposition could bring into original conformable relationship 

the rocks here in contact, they remain now as at the ^rst. 

'* To one coming from the north the Kamra hills at once appear as something 

new : such steep clean cliffs, with well-marked lines of stratification, are never seen 

among the gneiss rocks ; and, on the other hand, the rusty colour of the cliffs, 

and the sharp angularity of the outline at once distinguish them from the 

corresponding features in the hills of the secondary rocks. They are formed of a 

considerable thickness, not less than 200 to 300 feet, of quartzite sandstone resting 
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upon a yerj variable thickness of redd&h gritty shales. Tie condition of disturb* 
ance is exactly -what has been so often described in the bottom Yindhjans of 
this area ; the ridges ran in CTery direction, and i^ith any slope just as if the strati- 
fication had been broken up by horizontal converging pressures. I have one 
observation to complete the analogy of these rocks with the bottom Yindhyans 
of other parts of the area. In the gap to west of the village of Labed a 
thorough granitoid gneiss shows well up to the base of these covering rocks, 
so as to leave scarcely a possibility of any relation but one of normal super- 
position. The relation of these rooks to other metamorphies of this neigh- 
bourhood is by no means so simple. The Kamra hills reach up to the left bank 
of the Hasdu. In the little stream flowing northwards from the Bang ridge, there 
is an excellent section of the whole group, the sandstones showing in the cli& 
on both sides and the red shales in the gorge ; for a long way they observe a steady 
dip of 5° to 10^ to north, and just before they disappear in that direction there i^ an 
appearance of contortion. In the lower ground further north one only finds rotten 
uiu^cognisable gneissose rocks. In the Hasdu the rocks come in all of a sudden 
at Jogipali*. It was here I received the impression that the little-disturbed, little- 
altered rocks of the hills become rapidly contorted, and at the same time metamor- 
phosed into the fine-grained, sharply bedded gneissose quartzites (a most decidedly 
metamorphic rock), which come in immediately below and occur more or less con- 
tinuously with a varying strike down to the junction at Sati^ri, as already 
described. If such be the case, these Eamra rocks cannot by any possibility be 
grouped with the strata to the south of Satiguri. I am, however, so strongly 
impressed with the view that the Kamra beds are the bottom Yindhyans, that I 
fully expect a close examination will prove them quite distinct from the sub- 
gneissose rocks of the Husdu. 

'^ In the region of the Nilagar the same puzzle is even more strongly marked : 
the limestones greatly predominate in the upper beds on the low ground, and 
so occur close to schistose rocks at the same level ; I conjecture that they may 
even be found to lap over in contact with them. They are thus found not far 
from the base of Dulha hill, on top of which the Kamra quartzite sandstones are ' 
easily recognised, resting on schistose and pebbly gneissose massively-bedded rocks. 
The Soti hill group is altogether formed (at least on the south side) by this new 
hypo-metamorphic series, a massive trappoid variety being prominent. A 
northerly and southerly strike is as markedly prevalent in these metamorphic rocks^ 
as the E.-W. strike is in the granitic metamorphies to the north. 

" Between the Kamra hills and the Bara Pahar, the boundary of the Yindhyans 
is marked through the Baigarh State by a single ridge, en 
North-east boundary. ^ line with the outer (eastern) flanks of those hills. Thia 
ridge is formed of strong beds of quartzite much crushed and altered, gneiss- 
ose rocks showing everywhere along its outer base'. To the north these are 
of a coarse, highly f elspathic, and granitoid type ^ but towards the Mahanadi 
they have a very mongrel character, which greatly obscures the distinctness 
of this junction. Close sections are obtainable at the passage through the ridge 
in the stream north of Padampur ; the quartzite shows within a few yards of 
the bank at the point of the ridge having apparently a high dip towards the 
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crystallines ; in the river the qnartzite seems to be cut ont, and there onlj appear 
reddish, flaggy, slaty 8ha.les, much crashed and rolled, but also on the whole having 
an inclination towards the crystallines, which are in place some 30 yards up stream. 
The} are variable gneissose and trappoid schists. Here and in other similar posi- 
tions (as in the stream under Laka to the north-west), I noticed a highly siliceous 
angular rock to be prominent among the metamorphics, suggesting the possibility 
of its being a transformed condition of the quartzite ; but the general evidence is 
so strongly against such an interpretation that I must explain this special circum- 
stance as either a coincidence (may be attributable to pre-Vindhyan denudation), 
or else as an effect of percolation-metamorphism along a plane of junction. The 
features here reminded me very forcibly of those at the boundary of the lower- 
Vindhyans, where the ridge of bottom quartzite is cut by the Sone at Bomarsan. 

" The junction is tolerably well exposed in the Mahanadi at and below 
Padampur, and the section is altogether obscure and exceptional. The curve in 
the river above the town corresponds with a regular curve in the ridge of strong 
quartzite sandstone on the right bank. From a steady dip of 20° to westwards 
this sandstone bends round to a similar steady dip to north and north-north- 
east, apparently passing under the limestones and shales which are freely exposed 
in the bed of the river, with the same inclination as the sandstones towards the 
left bank. In this bank under Padampur, and lower down stream, there are those 
quasi-remnants of a quartzite (as described in last paragraph) adhering to and trans- 
fused into the dirty crushed gneiss. Just below the village the channel is about 
30 yards wide between these rocks and an island of strong pink limestone vdth 
sheJes. The boundary rnns very obliquely across the river; and at its last appear- 
ance on the left bank there is a remnant of the liinestone and shale, quite un- 
altered, in actual contact with the mass of pseudo-quartzite and the crushed 
gneiss rocks. The section exposed is very small, but I could detect no special 
signs of faulting, such as slickensides or vein-rock, although the features de- 
scnbed (with upper rocks at the contact) would pWrnit/aae suggest such a pheno- 
menon, and I am not fully prepared to deny the possibility of it. However it 
may be, it is evident that the passage of the Mahanadi at this spot is connected 
with the peculiar arrangement of the rocks. 

'' There is in the Vindhyans of this neighbourhood another exceptional 
appearance awaiting solution. The ridge of sandstone that has been noticed aA 
bending round with the curve of the river on its right bank, encloses on the west 
and north the little valley of Dongri, forming a scarp over it. On the floor of the 
valley strong-bedded limestone with shales, exactly like the usual rocks of the 
upper part of the series, is exposed, showing little or no disturbance, and thus 
appearing to pass under the sandstone of the scarp. On the east side of the 
valley a strong band of exactly similar sandstone slopes up from beneath these 
limestones and shales. I had not time to examine whether there was a repetition 
by faulting, or whether the Lahansara sandstone is a local band in the upper 
strata of the Vindhyans. The latter supposition seemed the most likely. It ia 
from the Dongri valley that most of the ' Padampur ' limestone is obtained. 

^* There is evidence in this region that the boundary I have described was 
not always the limit of extension of the Vindhyans. At about 3 to 5 nules from 
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that boundary on the north-east there is a broken chain of ridges running parallel 
to it, and formed I believe of the bottom quartzite. It would seem to be the 
continuation of the outer ridge of the double range to north-west of Baigarh. 
From the debris noticed in the valley of Tarukpur, I conjectured that the oiystal- 
lines were exposed somewhere within it. Thus here, as on the south-east side, 
we seem to have the actual base of the series exposed all along, the leveling 
by denudation having here been much aided by the compression and disturbance 
of the deposits/' 

The route taken by Mr. Medlicott in this traverse certainly placed him in very 
close rapport with the whole geology of the basin ; for he entered it first on the 
north side from Korba by the Hasdu river, and thence proceeded westward, 
southward, and eastward all round the edges to the crossing of the Mahanadi at 
Ghandarpur. Then, northwards from this up the valley of the Mand, thus cross- 
ing the eastern end of the basin ; and so down again along the north-eastern edge 
by Baigarh to the extreme eastern boundary at Padampur. Little room was 
therefore left for other than the corroborative e vidence which might be accumulated 
during the pn^ress of connected work. This closer work so far has embraced 
the greater part of the middle and north-eastern tracts, and the whole of the 
western portion down to south of Raipur. 

All the indications on the north-eastern tracts bear out the original recognition 
that the Chhattisgarh Yindhyans of the plain and the edging ridges consist, 
broadly speaking, of a sandstone and a limestone member, the former being the 
lower of the two : and there is ground for belief that such may be the conditions 
for the western side. However, I leave the conditions of the geological structore 
of this side an open question, because the evidence obtained by Mr. Bose in that 
part of the field, though as yet incomplete, shows that the relations between the 
rocks of the plain and those of the adjacent hill slopes of the Saletekri range are 
not so easily interpreted as Mr. Medlicott's reconnaissance would seem to imply. 

It is troe that occasional narrow seams of slaty shales and coarse schists do 
coma in under, and in association with, the bottom sandstones along the northern 
boundary, but these are so insignificant as not to affect the general sequence* 
What they do seem to show, however, is that the bottom member — an essentially 
sandstone formation on the north-eastern, eastern, and southern sides — either 
gradually changes from a poorer and poorer sandy series to a stronger and 
stronger shale or slaty one with subordinate sandstones on the north-western 
edges, or that it continues on in this impoverished condition, sometimes being 
overlapped by the limestones, over a different and older series. 

Later obBervations on the north-east boundary.— There is no necessity at present 
for going into detail regarding the style of the boundary from Padampur north- 
westwards past Baigarh. For the most part, it is a generally faulted one, the 
bottom quarteitee, which must be here of great thickness, cropping up at high 
angles from under the much less disturbed limestones and shales of the plains, and 
having — ^what look to be — their lower strata, at the eastern bases of the great ridges, 
in close and abrupt juxtaposition with the crystallines of the low grounds beyond. 
I am myself inclined to suspect that there has been re-duplication, if not inver- 
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sioiiy with a cmshing-np and fracture of long ellipsoidal dome-like undulations. 
Be this as it may, the whole aspect of the boundary is very analogous to that 
of much of the eastern frontier of the great area of Kadapah and Kamul rocks 
in the Eistna and Nellore districts of the Madras Presidency. 

Some 5 or 6 miles to the south of the passage of the Mand river across 
the sandstone rim of the basin, a most instructive example of a crushed-up and 
partially faulted dome of the bottom sandstones is exhibited in the *Oida hill 
mass which has been cut into and scoured out by denudation until the in- 
ternal core of crystallines is fully exposed to view. A good deal of faulting and 
crushing is disclosed here and there along the contact edges in the interior; 
but the easy lie of south-easterly dipping strata is quite plain under Bamandai 
hill and on the path leading out to Basnajhar. A very thin streak of brown 
rusty, reddish and greenish schists, and sandy — rather sharp gravelly*— bhales 
occurs at the very contact, just between the gneiss and the thicker beds of quartzite 
sandstone on this path. Round the southern skirts of the hill the sandstones run 
easily under the red-purple calcareous shales and grey-blue limestones of the plain. 

8ome idea of the thickness of the sandstone series is also obtainable at this 
point, — a feature which had hitherto only been guessed at in the Raigarh ridges, 
where undoubted bottom beds are not recognisable in contact with the gneiss. 
Here, however, the base is known, and a fair estimate can be formed from the 
lofty scarped faces and under-cliff of Bamandai hill (1,439 feet), and from a 
scramble across the Gida ridge near its summit (1,480 feet) where the beds are 
vertical, though down either slope the dip is generally to westward, the angle 
decreasing towards the foot of the western side. In this way the conclusion is 
forced on one that there must be at least 1,000 feet of more or less altered (quart- 
zite) sandstones, rarely coarse and gravelly, oftenest thick-bedded and fine-grained, 
and without any conglomerates as far as I could see. Their likeness to ^ose of 
the Raigarh ridges is strong in every way ; indeed there cannot be a doubt of the 
two belonging to one and the same group. 

To the northward of this dome, after an interval of shales (and strong blue 
limestones at Banipathar) in abrupt contact with a north-south exposure of 
crystallines, the sandstone hills of the rim hade up in long gentle slopes, the beds 
lying at 5^, 10^, 20% southward, with surfaces wonderfully worn in sinuous curves 
and zig-zags of contour. This easy lie only lasts for about half the width of 
the hills ; when undulation, at first slight and then quick, has allowed of more 
rugged denudation, giving the broad and humpy masses overlooking the low-lying 
wide expanse of the Mand valley coal-field, the rocks of which lap up against the 
sandstone hills, or are only denuded for short distances, giving exposures of 
crystallines in abrupt juxtaposition with the Vindhyans. 

Away to the north-west, the sandstone hills attain higher elevations as in the 
Gar hill (1,948 feet), the floor crystallines being exposed in the valleys and on 
slopes below lofty scarps ; while outlying isolated strips of Vindhyans occur in 
such abrupt relation to the surrounding gneisses of the plains beyond that their 
position can only be accounted for by their having been let in by faulting. 

No better display of faulted or squeezed folds, remnants of arches, and natural 
boundaries below scarps, can be pointed out than that of the Kamra range still 
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further westward. The Elamra mass (2,878 feet) itself has its lower slopes of 
crystallines crowned by a somewhat crashed synclinal of thick-bedded sandstones, 
with a good band of overlying red shales in the hollow above, giving scarped 
edges on the northern face of some hundred feet high ; and, in the deep valley 
between this mass and the proper rim, one may recognize the remains of the 
great core of crystallines and its covering arch of sandstones. 

A magnificent display of dip slopes occurs in this neighbourhood, on the 
southern flanks of the Pidadei (2,836 feet) ridge. Broad bed surfaces of dark 
black-brown weathering sandstones slope up from the narrow valley, inside the 
low foot-hills edging the plains, at an angle of 30* or so, with hardly a break, to 
the very crest of the ridge, the sharp and jagged bed edges of which stand out 
clear against the sky. There is scarcely a foot-hold on these slopes for any but the 
local jungle people; and it is merely where jointing and weathering have faci- 
litated the scouring out and breaking up of ledges and the gathering of angular 
debris in stream-like heaps tailing up the slopes, that scrub and low jungle have 
been able to grow and vary the dark expanses of bare rock sheets. 

Westward of the village of Labed, at the foot of the Kamra hill, an open 
country of crystallines extends to the Hasdu river, its southern edge being 
fringed by the low slopes leading up to the now simple and much less lofty 
edging rim of sandstones in the Sidapat (1,524 feet) and Rang, or Maruarani 
(1,713 feet) hills. In this direction, too, the thickness of the sandstones dimi- 
nishes very rapidly ; so much so, that beyond the Hasdu, in the Sandadi and 
Jogia (1,113 feet) undulations there can scarcely be more than 150 to 200 feet. 
The natural pose of the sandstones on the gneiss is fairly well displayed ; but it 
is here that their lowest strata become decidedly thinner and more flaggy, while 
associated with them are sharp gravelly sands, sandy shales, and coarse schistose 
and clay-slate layers; in fact a stronger show of the contact beds seen in the 
Gidahill. 

An interestii^g feature about this Rang or Maruarani region is, that though 
the hill appears at a distance to be capped with sandstones, and to have a certain 
slight scarp, after the fashion of the edging hills over the country already 
described, it is really only covered or scarped with those more flaggy, shaly, and 
coarse sandy gravelly strata just described. The bulk of the massive sandstones lies 
well in from the scarp or outer edge, being underlaid by about 30 feet of clayey and 
sandy flags, shales, and flagstones, which crop up and form a good deal of the upper 
part of Bang and Maruarani, as well as the edge of the low scarp topping the 
slopes on the left bank of the Hasdu river and overlooking the villages of Jika 
and Mohara. This western scarp is very instructive ; for it shows the bottom beds 
of the sandstone series all along its crest as they rise gradually northwards to the 
Rang spur, over which they roU easily and bend down almost to the plains. In 
descending from the hills to Jika, the scarp or edge of the descent is very thin, about 
10 feet or often less, consisting of a bed or beds of coarse black or reddish-brown 
ferruginous grits, made up of grains of white and glassy quartz in a ferruginous 
matrix, gravelly or pebbly towards the base, or sometimes having larger scattered 
pebbles of the same kind of quartz. This hard bed lies directly on east to west 
striking micaceous schists, or coarsish crystalline granular micaceous. rocks easily 
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weathered ; or there is at intervals a varying thickness of greenish and dirty-grey 
earthy mic^Useons olay-slates coming in between it and the sub-metamorphic rocks. 

It is necessary to state here that this ondoubted bottom bed of the Yindhyans 
is lying nnconformably on the micaceons schists and other rocks constituting the 
slopes leading down to the Jika river flat. At the same time, it struck me that 
these subjacent schists could hardly be considered as belonging to the reg^ar 
crystalline or gneissic series, though they look more metamorphic than transi- 
tional. There is an E.— W. strike in the slopes and away down in the plain, the 
general strike in fact of the true gneisses to the north ; but this is apparently 
only local, as they seem to trend round on the opposite bank of the river and as- 
sume the N.— S. strike exhibited by the peculiar quartzite or quartz-schist bands 
lower down about Satiguri, and away to the westward towards the Dulha and 
Soti country already treated of as showing rocks having a transtional aspect. 

The style of the bottom sandstones westward from this point on the Hasdu is 
given in Mr. Medlicott's paper {ante) ; but it may be mentioned here that I 
have representatives of them at the Extreme north-west comer near Borla where 
quartzite sandstones and pebble beds occur underlying the limestones. 

The rocks of the great plain are essentially limestones and shales which roll 
about in long, easy undulations, or are comparatively flat for many square miles at 
a time. It is only here and there, however, that exposures are frequent or of any 
extent, the most of the plain being covered with alluvial clays or soils of various 
kinds, beneath which the limestones or the shales may be found at a moderate 
depth. The shales are nearly always of a red-purple color, with pinkish or greyish 
shades : very rarely are they of green or dirty grey, or dark colors, though this 
is their style in the immediate neighbourhood of Raigarh. The limestones are 
generally grey or • fawn-colored, sometimes pinkish or pale-reddish purple, often 
almost black, or dark blue-grey; thick-bedded compact splintery, or flaggy 
coarse and earthy or clayey where they shade up or down into shales ; they are 
very often siliceous throughout, or seamed with fine films of siliceous matter, 
and chert bands. The more clayey and shaly laminated bands are often remark- 
ably concretionary with polygonal, sub-spheroidal, and flattened oyster-like masses 
packed together over the bed surfaces, or along inter-laminar bands of more- com- 
pact clayey constitution. . Both shales and limestones are more or less cleaved 
round the edges of the field, more particularly so perhaps at the north-west comer. 
It is difficult over such a flat and ill-exposed country to say whether there may 
not be more than two steady bands of these rocks : it appeared to me that, broadly 
speaking, there is a tendency in the whole member to be generally shaly at the 
bottom, the limestones coming over in varied force ; though there is also a tendency 
in the shale band to have subordinate seams of limestones while the limestone has 
its shale intercalations. 

Local intercalations, or even apparent super- jacent exposures of thin sand- 
stones pebble beds and sandy flags, or lydian stone bands, are exhibited at places ; 
the latter occurring to the north-east of Bilaspnr about Norgora, and the former 
to a very wide extent in the Baipur country, or on the Mahanadi near Chandar- 
pur, or in the low Sai Dongri group of hillocks towards Padampur. 

A curious, and as yet stratigraphically unsettled, outcrop of apparently hi<^her 
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sandstones and extremely coarse conglomerates occurs on the rigM bank of the 
Mand where it crosses the plain before joining the Mahanadi, as the Crirgiri and 
Tundri ridges. These low hills lie in a sort of broken chain, with, intervening 
stretches of low country, between the Gida hill on the north and the long north 
to south Dadarpali range on the right or south bank of the Mahanadi. Mr. 
Medlicott surmised that these outcrops might be northerly prolongations of the 
anticlinal roll in the Dadarpali range ; but a closer examination of them seems to 
me to point to their being portions of a crushed synclinal which might be 
expected as a complementary hollow wave in the strata on one side of the hidden 
portion of the anticlinal exhibited in Dadarpalli and the southern end of Oida hill. 

In the first place, it is really only by the merest chance exposures that rock 
is seen in situ in these ridges, for they are to all appearance made up entirely of 
loose well-worn pebbles, shingle, and largish boulders of various kinds of quart- 
zite, quartz-schist, and some crystalline rocks. The whole facies is that of great 
shingle banks formed in comparatively recent times alongside the bank of the 
Mand river : even the tops of the ridges consist of loose debris. However, I 
found good hard quartzite sandstone and conglomerate in a small cross valley north 
of the Govindpur peak, obscurely bedded but apparently vertical and striking 
north to south. Again on the extreme north end of the western Tundri ridge, 
there are coarse pudding-stones, having a hard purple clay-stone matrix, which 
are traceable along the crest of that part of the ridge into massive heavy con- 
glomerate rock having no definite bedding. The pudding-stone is very ob- 
scurely associated by super-position on the red-purple shales forming the slopes 
of the ridge the dip of the latter being 40° to 50° eastward. The main portion of 
this western Tundri ridge shows no bedded rock, but it has its steeper side to 
the west. The eastern Tundri ridge, on the other hand, looks to have a westerly 
dip, and this agrees with the lie of the shales and gritty beds in the plain at its 
northern end. 

The shales and limestones in the plains below these ridges have never teen 
traced into actual contact with the sandstones, though they are often quite close 
enough to accentuate the fact that on both sides their dip is rolling and inwards 
towards the ridges ; while at the north end of Girgiri, by the village of Baila- 
garh, the shales strike round east— west and dip southwards. 

All these conditions point, I think, to the preservation in a couple of ellipsoi- 
dal hollows or synclinal waves of a remnant of overlying sandstones ; the south, 
em or Girgiri synclinal being in an extreme state of crush. Looking at the 
rapid change from heavy conglomerate to scattered pebble bed or pudding-stone 
at the north end of the west Tundri ridge, it would appear as though their 
extremely coarse detrital constitution may after all be only a very local develop- 
ment in an insignificant sandstone band, the lateral extension of which may be 
indicated by the occasional outcrops of sandy flags and pebble beds occurring in the 
limestones and shales to the westward in the valley of the Baghar stream ; or it 
may be an extension of the sandstones in the Sai Dongri- hillocks near Padam- 
pur. Mr. Bose has also indicated a large spread of sandstones in the Baipur 
country, overlying, to all appearance, the limestone group ; and the Girgiri beds 
may be related to these. There is, of course, no certainty that these various and 
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detached sandstone occurrences are of one and the same band, or even that some 
of them are not merely local intercalations with the limestones ; so that it would 
be rash to conclude that the Girgiri conglomerates or tho Raipur sandstones 
belonged to a further and superior member in the series ; at the same time there 
are evidences of the possibility of such a succession in the detached area of 
Vindhyans, near Nawagarh, to the south of this basin, described by Mr. Ball in 
his papers on the " Mahanadi basin and its vicinity/'^ 

Ohilpi beds. — At the north-west corner of the basin, the route from the Bilas- 
pur plains to the Mandla plateau goes by the Chilpi ghAt ; and as it was on this 
pass that they were first examined, the rocks now to be treated of may, for present 
convenience, go by its name. Mr. Medlicott has suggested the possibility of their 
being of lower Vindhyan age, and as either lower than or partially representative 
of the sandstone member of the Chhattisgarh series. It was thought that Mr. 
Bose*s examination of the western side of the basin, in the Saletekri range and 
its slopes, in so far as it took up a southerly continuation of the Chilpi rocks, 
would have cleared up all difficulties or obscurities in the way of settling their 
relations to the rocks of the plain ; but, as already hinted, that examination was 
not sufficiently exhaustive. My march into Mandla, at the end of the season, 
gave another opportuniiy of examining the gh&t section; and this experience 
taken in connection with what I had already seen en passant at Batanpur and 
about the Soti hill, enables me to connect in a distant way, the rocks of both 
areas and compare the relations of each with the plain series. 

As far as the Chilpi ghkt and its immediate neighbourhood are concerned* 
there is no contact section : the strata of the foot-hills are separated from the 
limestones and shales of the plains by a belt, a mile or so in width, of alluvial 
deposits, and such seems to be the condition of obscurity all the way southwards 
along the western edge of the plain. Taking the section along the road to Chilpi 
from Borla village on the edge of the plain; the traveller's d^k bungalow is 
built on grey' or pale flesh-colored hard quartzite sandstones in strongish beds> 
somewhat pebbly and conglomeratic which are here exposed by denudation as a 
roll up from under the limestones and shales of the immediate neighbourhood. 
The small temple hill in the village consists of these latter rocks ; and to the west- 
ward there is about a mile width of alluvial deposits. The road then rises gradually 
from the alluvial flat over brown and Tjuff- weathering clay-slates, internally of 
dirty dark green color, constituting the main mass of the first ridges or foot-hills, 
their strike being about north-east-south-west, with a rolling or undulating 
general dip to north-west. To the southward of Borla, about the neighbourhood 
of Chahata and Ghingho, just within the edge of the plain this strike has a more 
southerly trend ; and here the clay slates are overlaid by thin sandstones and 
gravels with a rolling easterly dip, though, as usual, there is the tantalizing blank 
of alluvium and cotton soil between them and the limestones out in the plain 
of Minminia. Chahata is on dark-green, reddish-brown weathering, coarse clay- 
slates, and these are tolerably well traceable towards Gungho where they gradu- 
ally become overlaid by rolling yellow and buff sandy and clayey shales, which in 
their turn are succeeded by thin sandstones and gravels, having an easterly dip. 

» Records, G. S. I., X, p. 172. 
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The difficulty is to say decidedly whether these shales come in over the clay- 
slates in conformable or nnconformable succession ; for the lie of the latter is not 
well displayed, and they could easily have rolled over from their high westerly 
dip at Chahata. My o^vn opinion is that the shales and sandstones are uncon- 
formable, and they certainly do look very like the thin gravelly and shaly bottom 
beds at Ratanpur, and on the Hasdu. 

Taking up the road section again; it crosses the foot-hills by a winding 
course to the open valley of the Banjari stream, always over dark-green clay- 
slates (weathering buff-brown and reddish colors) with which are associated 
subordinate beds of harder compact claystone and — less frequently — ^beds of hard 
sandstone (quartzite) much stringed with white quartz. Similar rocks, with 
perhaps coarser and more sandy cleaved shales, sometimes weathering a bright 
ferruginous red, fill up this valley and constitute the greater part of the ridges 
on its western side, and beyond this occur traces of hard green quartzose beds, 
or grits, full of particles of white quartz and felspar or larger sub-angular 
fragments of granitic and crystalline debris. Then, at the foot of the old ghit 
or pass up to Bajahdar are massive, g^nular, and somewhat porphyritic green- 
stones, and red and green mottled brown trappoid rocks, in somewhat banded 
outcrops and apparently striking with the green quartzose grits, and slaly strata 
even higher up the pass. 

The strike over all this ground is about north-eastr-south-west, and the dip 
appears to be generally noith-westward, though rolling and folding almost 
amounting to reduplication are evident. Towards the foot of the old ghat, how- 
ever, the strike trends round to nearly north and south. 

Following up the Banjari stream towards Palak, the change of strike becomes 
more quickly developed, until at the camping place it is south-south-east to north- 
north-west, with east-south-east dips. Here, too, there is a decided and sudden 
change from the clay-slates of the foot-hills to what would appear to be— from 
the dip — an underlying band of hard massive green white-speckled grits, 
associated with coarser and more massive cleaved shales and shaly grits, and clay 
slates. The speckled grits become, as the strike is crossed against the dip, 
coarser and coarser in their contained debris, until a thick and strong band of hard, 
but irregularly-bedded, extremely coarse and heavy conglomerate is reached, which 
is best seen in the river north of the road. This band is a closely packed but 
very obscurely bedded mass of well-worn, rounded, sub-angular and angular 
fragments of various kinds of quartz, quartz-rock, quartzose rock, or fine quart- 
zite and quartz-schist, hard green shales and cherts, through which are scattered 
small pebbles or rounded masses of white felspar. The speckled green grits 
above it are fuller of bits of white quartz and felspar ; and when they are very 
fine grained and compact, they certainly have a sort of igneous look. Below, or 
to the westward of the conglomerate band, are further dark-green massive slaiy 
bands, with softer slates at intervals, and there are also frequent outcrops, perhaps 
repetitions, of the white speckled grits. Towards the foot of the main ascent of 
the gh&t, indications of a lower easterly dip are frequent, and there is some undula- 
tion among hard thick-bedded massive slaty quartzose rocks. Next comes a long 
display of trappoide and dark-green massive trap or greenstone ; giving perhaps an 
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exaggerated view of their possible tbickness, as the road keeps a good deal on wbat 
may be their strike, if they are associated in this way with the more manifestly 
bedded rocks of the foot and npper part of the pass. Near the top a heavy con- 
glomerate, exactly like that below at Palak, occurs with a westerly dip ; and 
this rock is sncceeded by the Lameta limestone and the overlying basalts of the 
Deccan series. 

On the platean, the basalts, after some distance from the edge, and to the north of 
Rajahdar, have been denuded along the valley of the Phen river, nntil the thin 
underlying Lametas again become exposed ; while further down the valley there 
are occasional outcrops of a strong conglomerate answering exactly to that at 
bottom and top of the ghat. Thence westwards to Motinala, clay slates and gredn 
quartzose and compact schistose rocks are prevalent. Schistose micaceous sand- 
stone flags occur in the bed of the stream below Motinala, with a dip of 6® north- 
west; and similar sandstones and slaty shales are common in every small water- 
course of this small valley, rolling about at all angles. 

So far the Chilpi facies is clearly recoefuizable ; but somewhat more generally 
schistose, hornblendic and micaceous rocks come in over the Halon valley and extend 
to the Bichia basalt plateau, without however any sudden change, or any more 
steady strike or lie. On the other hand, in descending from the western edge of 
the Bichia plateau to the Anjania valley, the more generally massive and crystal- 
line gneissic rocks would indicate that the limit of the Ohilpis had been passed. 

In reviewing the lithological and stratigraphical conditions exhibited on the 
Chilpi gh&t, as well as over the area of what are manifestly the same set of rocks 
westwards towards the Hasdu river, or again southwards in the Saletekri ridge, it 
is difficult to avoid noticing certain points which seem to militate against the rela- 
tion suggested by Mr. Medlicott as existing between them and the Lower Vin- 
dhyans of the basin. 

In the first place, the Chilpi rocks have a decidedly different facias to those 
of tlie plain and its proper rim, while they seem to pass gradually or without a 
break into more and more thoroughly sub-metamorphic rocks. I do not, however, 
here lose sight of the fact that in Mr. Medlicott's Larmi section, the junction 
between the crystallines of the Khathar hill and the slates and shales on its southern 
flanks is comparatively sharp. 

2. There are rocks on the Chilpi ghftt which can be very closely matched by 
those of the Ratanpur ' old city ' hills and the Soti hill, where as I have already 
described, there seems to be a transitional facies emphasized by a strongly dis- 
cordant relation with the bottom sandstones of the rim of the basin. 

3. The Chilpi series occupies a broad tract of country, and though this may be 
shewn to narrow down in a gradual Way to the Hasdu river, the strange fact re- 
mains — supposing they are Lower Vindhyans — ^that it should come in in such a 
marked and rapidly thickening manner at one side or comer of the basin 
either from under, or in association with a thinning out of an essentially sand- 
stone group which has been over the remaining two-thirds of the baflin edge the 
absolute basal member of the Chhatcisgarh Vindhyans. 

4. Although there is no known occurrence of the thin band of bottom 
sandstones (with shale intercalations) on the Chilpi gh&t itself; an apparent 
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representative of them occurs to tbe south of Borla overlying, I think nnconf orm^ 
ably, the p^en clay slates of the foot-hills. Similar sandstones have been recog. 
nized still further to the south, but under the disadvantage of not as yet having 
been clearly distinguished from other sandstones which are associated with the 
slates and trappoids in the Saletekri hills. Nevertheless these questionable occur- 
rences have some value in this stage of the enquiry, in so far as they lend color to 
the expectation that a distinct and recognizable thin sandstone representative of 
the Ghandarpur beds may exist all round the western side of the basin. 

5. The apparent parallelism of strike in the rocks of the plains, and in those of 
the foot-hills, can be accounted for by north-westerly crush of the easy-lying 
basonal beds against a series which may have already had somewhat of the 
strike exhibited in the Lurmi, Chilpi, and Saletekri slopes. 

There are other exhibitions not unconnected with the Chilpi. rocks which 
might be referred to now; such as the occurrence at Sakoli of coarse conglo- 
merates, trappoids, and green rocks in the extreme southern spurs and prolonga- 
tions of the Saletekri hills, already known through the work of Messrs. Blanford 
and Ball,* but they have not been connected up with the present work. 

I may point out, however, that Mr. Bose has mapped in a tract of rocks on 
the southern edge of the Baipur part of the field, separated entirely by crystal- 
lines, from those of the Saletekri hills, near Khussumkassa, which he considers 
representatives of the Saletekri, or in other words the Chilpi series. The awkward- 
ness of this occurrence is that the relations of the bottom sandstones of the basin 
edge to those underlying rocks are not suJficiently displayed, or closely enough 
described by Mr. Bose, for the acceptation of the unconformity which might be 
inferred. 

The relations of the Chilpi series and the proper Chhattisgarh Vindhyans must 
therefore still remain an open question ; and though I have tried as well as I 
could to put forward some of the points which strike me as not satisfying the 
requirements of Mr. Medlicott*s suggestion, it will be safer to hold by it until 
better evidence can be accumulated. 

Lower Gondwani.. 

The general limits of this formation in the present field have been long known 
through the work of Messrs. Medlicott^ W. T. Blanford, and Ball, and papers 
by the two last authors on the numerous coal-fields have appeared from time to 
time in these records. Thus our later work has been little else but the filling in 
of unsurveyed intervals, or the ascertaining of details. 

A remarkable physical feature in this region, paralleled in many other Lower 
Gondwana areas, is the generally straight south-western boundary, extending as it 
does with tolerable precision from the neighbourhood of Korba nearly down to 
Sambalpur. It is not proposed here to enter further into the general discussion 
as to whether such straightness of boundary is due to faulting in great part, or 
merely to deposition in a straight-sided valley or basin ; but, as bearing upon the 
local feature, the fact of the oocurrence of a small and hitherto unknown area of 

' Becords, G. S. I., X, p. 180. 
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Talcbirs and Barakars actually within the Chhattisgarh basin is of considerable 
interest. 

This ontlier occnrs on the eastern flanks of the Gida hill, and being in the 
plains, is at about the same level as, or very little lower than, the proper Mand 
valley coal-field to the north of the river pass. It occupies an area of about 
5^ square miles ; the Barakars, which are in contact with the Yindhyan sand- 
stones of the hill, taking up about half the space, while the Talchirs hade out 
from underneath them and £11 up the remaining half, the latter resting on the 
red purple shales of the plain. Both groups are well displayed in the vicinity 
of the village of Kunkuni, lying with an easy dip of 5° — 10° west-south-west. 
Actual contact of the Barakars on the Yindhyan sandstones was not found, 
but the junction is so close at the southern end where the Balu stream issues 
from the central valley of the hill mass, and the baying-in of the sandstones 
over the easterly dipping quartzites is so clear that natural and easy contacts 
cannot be doubted. 

The Barakars resemble very closely those of the B*aigarh-Hingir counti-y* 
but without any trace of coal that I could see, and they have near the base 
the same ferruginous flaggy and clay-stone band, giving lateritic weathering, which, 
here too, is worked for iron by a colony of lohars. The Talchirs are the usual 
greenish silts or very fine sands with occasional boulders of gneiss and quartzite, 
and at the southern end of the field a local exhibition of fine pale-yellow or buff 
sandy shales occurs in a bend of the Balu stream. 

I will not go so far as to suggest that this little field was once connected with 
the main area to the north ; indeed, the character and lie of the rocks in the 
river gorge is rather against such a view : but there is no doubt that the condi- 
tions of deposition and subsequent movement must have been much the same 
in both areas, as well as in the more distant area of Talchirs and Barakars to the 
eastward in the Sambalpuri-Kodibuga valley near Raigarh. The only difference 
in the occurrence of the groups in the latter region is that the Talchirs are not 
exposed on what may be called the off-side with regard to the Yindhyan sand- 
stone edge, but crop up at intervals where the Barakars have been denuded on the 
inside or next the hill ridge : but this does not alter the fact that here, as on the 
flanks of the Gida hill, the Barakars simply overlap natural-lying Talchirs by 
thickness of deposition against a rather steep wall of more ancient rocks. My 
examination of the Sambalpuri valley was very close, and it soon became evident 
that the boundary where the Talchirs are seen in close juxtaposition with the Yin- 
dhyans is not straight but wavy, and delineatable (to coin a word) as such on the 
1-inch map. Indeed, if general straightness were to be taken as at all conclusive 
of faulting, it might be doubted whether the straight limitation (always covered up 
by alluvium) beWeen the Kamthis and Barakars on the opposite side of this 
narrow valley were natural. The turning up of the Talchirs at low angles 
along the skirts of the Sambalpuri ridge of quartzites is, at the same time, 
really not more than is consistent with the peculiar fiUing-up and banked style of 
very many curious Talchir exposures, yet to be noticed, in other parts of the field. 

Talchirs, — Further survey has marked out a strong development to the north - 
wai'd of Korba town, in the Chhuri, Mahtin, and Uprora zemiudaries, and on 
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north-eastward into Sirgajah hy Lakhanpur. On the Chhuri and Mahtin side, 
the formation fills up the bottoms of several long and deep valleys running be- 
tween high hills of gneiss, while there are also outlying patches of the character- 
istic silts and boulder-bed on the hills and uplands ; and in this way the intervals— r 
if indeed they do exist — which separate the Mahanadi tract of Gondwanas from 
that of the Son in South Eewah must be very short. In Uprora, the Talchixs 
are continued eastward and north-eastward by a narrow fringe bordering the 
liLorthern edge of the Phutka mass of hills, and thence below the steep slopes 
of the Lakhanpur plateaus. 

The thickness over this part of the country is very unsteady : and the pre- 
sence of boulder-bed, or fine laminated shales, or fine silty sandstones is equally 
capricious. The floor of crystallines is most rugged and uneven j valleys, ravines 
ridges and bosses of these rocks having been filled up or covered over until 
the more even surface was produced upon which the succeeding Barakars were 
deposited. To the north-eastward, or at the foot of the Dulapur (3,169 feet) 
and Jaun (3,197 feet) range, the fringe is very narrow and of little thickness ; 
but further south or below the Samar (2,411 feet) cliffs, the boulder-bed and fine 
uneven-bedded sandstones are well spread out over the Arsena upland, with a 
most variable thickness, evidently filling up hollows which were as numerous and 
deep as the existing valley system of the head drainage of the G-andhar stream. 
The Arsena display is very curious and puzzling, for one could not be always 
sure that the frequent occurrences of very large masses of gneiss and granites 
were not in situy or that the extraordinary amount of gravel and shingle 
associated with them was not merely Talchir debris. However, one soon meets 
with almost as frequent big masses of quartzite sandstone ;; while the different 
lithology of the crystalline masses becomes apparent : and in the end similar 
blocks are seen embedded in the fine silty sandstones forming the very steep 
sides of some of the minor valleys. 

. As usual, there is no fixed horizon or level for the coarser or finer forms of 
deposition : fine sandstone, shales, or boulder bed may be met anywhere in the 
ravines or on the shoulders of the downs or rounded hills of this tract ; and the 
general facies is that of irregularly banked-up accumulations' of fine silts, shales, 
or boulder bed having only very local lamination or signs of bedding. 

The small water-course rising on the Arsena side of the remarkable crystal- 
line ridge (with a dyke core of basalt), gives a fair display of the Talchirs as it 
flows down towards Lemru. The bottom rocks, plastered as it were over the crystal- 
lines, are blue-green silts and shales full of pebbles and big boulders of all kinds of 
quartzite sandstoneS| hardened shales or clay-stones, and crystallines, not crowded 
together but scattered at irregular intervals. There is no steady lamination or 
bedding, merely a sort of inconstant or wavy arrangement indicative of irregular 
and interrupted sedimentation. The boulder banks are overlaid or succeeded by 
yellow-green and buff sandy shales — still holding a few boulders — which in their 
turn shade up into a very thick accumulation, sometimes bedded, of yellow and 
greenish sandstones. These last are succeeded by cgarser sandstones, but without 
any passage being seen in any exposure that I could find, which must be taken as 
Barakars. The low ridge immediately south of Arsena, for example, has its summit 
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of thin-bedded brown f errdginons sandstones and grits of the lower Barakar type 
of the Hingir coal-field ; bat they oome in quite gradually and naturally over the 
Talchirs. 

Between Lemru and Deopani to the west, the out-crops of huge masses of 
gneiss in the fine bufi sandstones are so strong at times that some of them can 
hardly be other than knobs or crests of irregular ridges, once more exposed 
through denudation of the Talchirs ; and this form of occurrence is not so strange 
when the conditions oi the very remarkable system of east- west crystalline and 
basaltic ridges in Mahtin and XJprora is considered. The crystalline ridges un- 
doubtedly stood out very much, as they do now, in Talchir times ; for silts, bould'^p 
bed, and sandstones can be seen in both regions lying flush against the base of 
some ridges, even on both sides ; as is more particularly the case in the valley 
to the north of Uprora, and in the two long and narrow valleys leading west. 
ward from Mahtin to the Pendra upland : but the basaltic dykes forming some of 
their cores are of later age, for in other parts of the field they cut right up 
through the Gondwanas into contact or junction with the overlying Deccan trap. 

The lie of the formation is generally very easy ; but the different elevations 
within short distances, at which one finds bottom deposits, are apparently so great 
that it has been thought necessary by previous observers to call in more than 
ordinary elevatory forces to account for them. The highest show of Talchirs in 
this field is on the Ber valley, near Meria, at about 2,500 feet over sea level, while 
the nearest low-lying tracts of the same rocks are on the head-waters of the Hand 
near Bakhob, at an elevation of about 1,000 feet, with an interval of about 19 
miles horizontal ; or in other words with a fall of 1,500 feet in 19 miles. There is 
undoubtedly some faulting in the neighbourhood of Bakhob, but an average dip 
of not more than 11^ is all that is required to carry the Talchirs of the Hand up 
to their elevation on the Ber. Much sharper difEerences of level, though the ab- 
solute height is not so great, are frequent, according to the observations recorded 
by Sub- Assistant Hira Lai, in the Ghhuri and Mahtin country ; but these are all, 
I think, explainable on the peculiar fiUing-up tendencies or ballasting powers of a 
ground-ice, or floating-ice formation such as the lower portion of the Talchirs 
appears to have been. 

The puzzle about the formation here is to say where it ceases in an up- 
ward succession, or at what stage the overlying Barakars come in: aU that one 
can be sure of is, the being on Talchirs of the more typical form, or on Barakars 
of well-known and widely distributed type ; and thus the boundary between th3 
two is to a large extent arbitrary, though after all it cannot be far out on either 
one side or the other. I was enabled to follow the succession with fair closeness at 
two points : first along the bed of the Kesla tributary of the Dhongur river on the 
south-west skirts of the Phutka mass of hills in Korba; and next, down the 
E[atora pass, from the Sirgujah high-lands to the lower upland of Uprora, iu the 
extreme north-east of our area. I was on undoubted Barakars with coal seams in 
the Kesla stream, and in following its course downwards, I passed, without once 
losing sight of rock, insensibly from great thick-bedded pot-hole-worn sand- 
stones to finer and finer-grained thick beds of greenish-yellow and buff sand- 
stones almost like some varieties of Talchir sandstones. Then after a blank of 
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alluvial deposits, the next rocks seen lower down the river towards Bisdn are silts 
and the boulder bed. On the E[atora pass, the interval between the undoubted 
boulder-bed and silty flags at the bottom near Bahue and the thick-bedded fine 
yellowish or buff sandstones of the lowest run of c1i£Eb is much shorter ; but it is 
covered, as usual, on that side of the country by a talus of debris which has gathered 
below these cliffe. 

One other but isolated occurrence remains to be noticed of Talchirs and Bara- 
kars in tolerably close contact. On the head- waters of the Rer river, that is, on 
the upland to which the Katora pass leads, about the villages of Kesura and 
Merua, Mr. Ball had already distinguished Talchirs, or rocks which he considered 
lithologically undistinguishable from them. There can be no doubt as to their 
occurrence here, but the boulder bed is in such close and abrupt juxtaposition 
with thick-bedded fine sandstones of the type indicated in the laat paragraph that 
the junction has certainly an appearance of unconfirmily about it. Unfortunately, 
I was here struck down with a sharp attack of fever which necessitated my 
marching out of the valley as soon q& I could be moved, so that the clearing up of 
this point remains over for a later visit. 

Barakars. — This formation is fairly distinguishable over most of the Korba, 
Hand, and Ber regions, while it possesses the valuable characteristic of being coal- 
bearing in several localities. Ball had already followed it out over the east side of 
the Hand valley and Blanf ord had traversed the Korba field ; while I have closed 
in the country between, carrying the coal-bearing horizon into the lower portion of 
the great Phutka hill block. There is no difficulty about recognition on the south, 
south-eastern, and eastern flanks of the mountains, where the slopes are long, giving 
good exposures of typical rocks ; but it is not at all so easy to do this on the steep, 
cliffed north-western frontage, for in the first place I failed to get a trace of coal or 
carbonaceous shale, and the rocks themselves are not so clearly of the Barakar 
type. It turned out, however, that the lower line of clife is made up of thick and 
fine-grained beds like those of the lower reaches of the Kesla river, and the bottom 
of the E^atora pass already referred to ; and that the more usual form of Barakar 
sandstones is higher up in the cliffs or rather in the short terrace between the 
two tiers of clifb, generally marking the north-west hcea of the range. The 
key to this interpretation is afforded by the succession of strata as exhibited in the 
Mand valley below the western slopes of the Phutka range, particularly on the 
Bijakharra and Labed streams. In these sections a fairly well-developed seam of 
coal and carbonaceous shales is overlaid by softish fine-grained yellow or buff 
sandstone, dashed here and there with sheets of salmon and red colour. High 
bluffs of this form of rock occur every now and then at the sharp bends of the stream, 
sometimes 50 feet in height, without a single bed parting ; or if there be such, it 
is only for short distances. Often there is just a thin bottom layer or bed, 6 
to 8 inches in thickness, coming in over the blue and grey shales of the coal seam. 
The features of this variety of Barakar sandstones are thickness of bedding and 
fineness of texture. Up above and for some distance in from the face of these cliffs 
the rock is so soft and devoid of any trace of lamination that it might be taken for 
a semi-hardened or cemented form of superficial deposit. In the Bijakharra river 
above the Kulgao-Phulsari crossing, one may walk for a imh or so over coal and 
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carbonacions shales with the saperincninbent thick-bedded, eyen-textored, fine- 
grained bnff and yellow red-dashed sandstones rising np in clean cli& on either 
side ; and still farther np, these are gradnallj sncceeded by massive coarse and 
pot-hole-worn sandstones of the type so prevalent in Hingir and in the Wardha and 
Godavari valleys. 

This soft lower member is traceable on northwards to Amaldiha at the head of 
the Mand valley, and is recognizable again in the Matringa valley of the Sirgn jah 
npland on the head-waters of the Ber. Indeed, the constitution and texture, 
and fair horizontab'ty of these rocks has contributed greatly to the peculiar 
terraced contour of the bottom of the Matringa valley : the steam runs in what 
looks exactly like a terraced alluvial plain at the bottom of a long and wide 
mountain valley, but the terrace is of these soft Barakar rocks which give the 30 
to 50 feet step to the proper river plain. The villages of Matringa, Merua, <fec., 
the cultivated lands, and all the beautiful stretch of sal jungle are on this ter- 
race and overlook as from a vantage ground the lower fiat with its winding 
river. Similar strata terrace the valley of the Borki tributary of the Ber 
to the westward, up which the road to the Katora pass nms ; and over that pass 
and down its western slopes in the Bahue valley the same beds are again found 
forming a terrace step and clilE descent of nearly 200 feet to the underlying 
Talchirs. 

Kamihia, — The Barakars of the basal portion of the Phutka range are gra- 
dually succeeded by a great thickness of more open-grained coarser-textured 
and often pebbly, generally white or purple-streaked felspathic sandstones, with 
frequent intercalations of white clays, in moderately thick and well-defined beds ; 
the only sign of a break or passage being the occurrence of a badly-defined band 
of varying thickness of brown-weathering ferruginous sandstones which may 
be taken to represent fche more generally surface-exposed tracts of red and brown 
Kamthis in the Hingir- Baigarh country. The pale colour and wonderfully 
pebbly constitution of the upper strata led me at first to suspect that the 
higher parts of the hill mass might turn out to be of Upper Gondwana rocks ; 
but the occurrence of much crushed, though recognizable, specimens of Vertebraria 
in the white clays of the Quarduari (3,250 feet) hill efEectually stopped this 
expectation. 

That the brown ferruginous band of sandstones marks the basal portion of 
the T^ftTfifhia in the Phutka range, is pretty evident from the fact of Mr. Ball 
having been able to distiDguish his Hingir or 'upper sandstones' (Kamthis) 
np to and across the Mand river, as far as the little Gumar plateau ; and from 
my having carried the same rocks into the larger Jobi plateau and thence after 
an intervening plain of Barakars^ into the Kakaigadra (1,602 feet) group of 
low hills, about Nunbira and Sendrapali, forming the extreme end of the 
southern spurs of the Phutka range. Similar brown sandstones make up the 
lower parts of the loftier Baka and Bitrahi group, and are there succeeded or 
overlaid by paler-coloured white or purple-streaked open-textured and coarse 
pebble-seamed beds with white clay intercalations, containing Vertebraria, 

I did not come across any section showing actual contact of the Kamthis 
on the Barakars, but there always appeared to be perfect conformity between 
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the two. On the other hand, overlap is very dear at this sonthem end of the 
Phntka spnrs, there being only a very narrow strip of Barakars in the Sendrapali 
and Dongama plain below the low Kamthi scarps of the E[akaigadra range, 
and this is edged on its sonth side by a thin fringe of Talchirs next to the rising 
gronnd of crystallines on the flanks of the Pipra ridge. 

The apparently diminished ferruginous element in the Phntka Elamthis is very 
marked ; while there is little, if any, sign of the red clays so common in the Hingir 
country. This may arise in great part through insufflcient exposure and denu- 
dation, or from the overpowering influence of the greater thickness, sometimes in 
great scarps, of lighter or paler coloured rocks, and the very large amount of their 
debris scattered over the lower slopes. It must also be remembered that the best 
exhibitions of ferruginous strata and red clay bands must necessarily be where 
denudation has laid bare extended plateau surfaces of those particular members, 
as is the case in the Hingir country. A rather prominent form of debris, 
scattered about the skirts of the Phutka range, consists of huge fragments of a 
pale-red clayey form of laterite which seemed to point to the existence of red 
clay bands ; but this soon turned out to have fallen from the capping of laterite, 
or a lateritized form of weathered trap occurring on many of the loftier flats 
of this mountain mass, at levels of from 2,000 to over 3,000 feet. 

At the same time, there is an almost absolute thinning out of the lower brown 
ferruginous member on the northern flanks of the Phutka range, or more especially 
in that deeply eroded portion of it joining on to the Sirgujah plateaus over^ 
looking the Ber drainage. I always passed on that side of the country, wherever 
there i^ a gap in the hills, from Barakars of the fine-grained type to coarse and 
harsh open-textured grey or pale buff and white purple-streaked sandstones, having 
frequent seams of gravel and large pebbles of white or glassy quartz, without 
seeing a trace of the harder brown beds. 

Boring Exploration in the Bampur Coal-Field. '^The most important practical 
feature of the great tract of Lower Gondwanas fringing the eastern side of the 
country treated of in this paper, is of course the occurrence of coal at several 
points. The thick carbonaceous outcrops of Korba are well known as giving 
promise of fairly good fuel, but the place is still far out of reach of probable 
railway traffic. Then, again, the Mand Valley gives very favourable exposures at 
several places, as in the bed of the Bijakharra stream already referred to, or at 
Amaldiha at the northern end : only in these cases, also, the present inaccessibiliiy 
of the region is against all prospect of development. 

At the south-eastern extremity of the area however, within about 40 miles of 
Sambalpur, the rather large field of Hingir, reported on so many years ago by 
Mr. Ball,^ lies right in the track of the proposed Chhattisgarh railway, under 
which circumstance its development becomes as it were a necessity. I was 
deputed to examine this field during the season before last with a view to select- 
ing sites for boring, the results of my survey being given in the Records of 
August 1884 (Vol. XVII, p. 123). An Assistant Mining Engineer, Mr. T. G. 
Stewart, already favourably known throngh his borings in the Narbada Valley 

' RccoixU, VIII, p. 102. 
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and at IJmaria, in South Bewah, "was then placed nnder my guidance by the 
Central Provinces Government. I had divided the rather large and somewhat 
unapproachable area into several sections, the most &kV0urable, as far as contigxdty 
to the railway trace is concerned, being that on the valley of the Lilian, partly in 
Hingir and mainly in the Bampur zemindari ; and it is on this that the boring 
exploration was commenced in what is now officially designated the Bampur Coal- 
field. 

All the surface indications point to the probable occurrence of two rather 
thick bands of carbonaceous deposits, the lower — some 50 to 60 feet thick — ^being 
well displayed in the river near the village of Durlipali, while two outcrops of 
coal higher up the stream, about Bonjari and Kuliabahal, point to the upper ; and 
as it appeared to me that the latter outcrops are more promising than that of 
Durlipali, and that it would be possible to strike their coal by bore-holes within 
a convenient distance of the proposed railway station at Hingir road, I determined 
to try this band first. 

The borings were selected near the villages of Oirandola and Chowdibahal on 
what I took to be— for much of the rock is covered by superficial deposits — 
either the uppermost beds of the Barakars or the lower red-day zone of the 
Kamthis. As it turned out, all the borings, six in number, were started in the 
red-day zone, through a greater or lesser thickness of which five of them were 
run down into the carbonaceous band beneath. Two of the holes were abandoned, 
but four were run down to depths varyiDg from 226 to 287 feet. These four 
bore-holes (Nos. 1, 2a, 3, and 4) enclose a sort of triangular area of about half 
a square mile in extent: No. 1 being at the southern apex, No. 3 nearly a mile 
due west of it, and No. 2a being about half-way between the two ; while No. 4 
lies more than half a mile northward of No. 1. The dip of the strata is low to 
north-westward, perhaps just here rather more to the west-north-westward ; occa- 
sionally, indeed, it must be quite flat, or nearly so, though it is mostly at an angle 
of from 5^ to 10^. No. 1 bore-hole was run down 225 feet right through the 
upper band of carbonaceous deposits, or, at any rate, a good part of it which it 
entered about 30 feet from the surface and left at 219 feet when the chisel began 
to cut into white sandstone. Three seams of 6, 8, and 4 feet of coal, besides 
others of inferior thickness, were met with in thia band; but though the 
samples brought up were favourable-looking enough, laboratory assay proved them 
to be quite unfit for railway purposes. That taken from the G-foot seam, at 77 
feet from surface, gave the following analysis : — 

Moistare lO'OO 

Volatile matter, exclaaive of moisture . . . . . . . 24*60 

Fixed carbon 29*90 

A«h , • . . . . 36-60 



100-00 
Does not cake. 

Ash, pale-yellowish brown. 

Another sample from the 8-foot seam, at 142 feet from surface, assayed foot 
foot, gave the further depressing result. 
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In the meantune, that is, while these assays were being made^ the other bore- 
holes were being carried out ; and further samples from them of what ^>peared 
to be the same seams were disoarded through showing no signs of improvement, 
or sent down to Calcutta. Among them, the following scarcely better result was 
obtained from a 6.foot seam in No. 4, at 69 feet from surface, the seam indeed 
which appears to correspond to that At 77 feet in No. 1, 174 feet in No. 2a, and 
183 feet in No. 3 ; in all of which and in the continuations of the other seam of 
No. 1, we failed to strike any better coal. 



'So. 4, Q^ feet from swrface^ seam 6 feet thick; 


foot by foot. 
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There seems no doubt whatever but thiit the upper 6-foot seam is fairly con-* 
stant in thickness, and, unfortunately, in quality also throughout the area tried. 
The still lower seam of 8 feet at 143 feet in Na 1 hole appears also to have 
been struck at 221 feet in No. 2a ; 248 feet in No. 3, and 128 feet in No. 4 ; but 
it is not at all so constant in thickness or so even in constitution. The lowest 
seam in No. I is apparently Represented in No. 4 by a 4-foot seam : there is no im- 
provement in quality. 

It may seem rash to judge, from so small an area as that now bored, of the 
probable or possible condition of the lateral extension of the seams so proved ; but 
considering, as I do, that some of them represent the upper outcrops on the Lilian 
river, I think I am justified in arguing concerning their condition from a really 
much larger area than that merely included within the three comers actually 
tested ; and so from what they and these outcrops'show, and from what I have 
seen of the rocks round the eastern skirts of the Hingir plateau, the conclusion is 
forced upon me that there is no fair ground for hope that the seams of this upper 
band of carbonaceous deposits can improve laterally or to tibe deep within a work- 
aUe depth (for Indian collieries) in this LiUari section at any rate. 

There still remains, however, what may be a considerable thickness of Bara- 
kars between the horizon now reached and the lower band of Durlipali, m, which 
there may be workable seams ; and this must now be searched. For instance^ the 
horizontal interval of country between the Bonjari outcrop and that of Durlipali 
is a long one, fully 2 miles, which, if the lie of the strata be at all regular and 
constant^ would at so low an average angle as 8^ give 1,450 feet of rock. At the 
same time, from all that can be seen of the behaviour of the rocks in the neigh, 
bourhood, the indications seem to favor the conclusion that there cannot be such 
a great thickness : and that the Durlipali band is carried under the Bonjari 
horizon at a somewhat lesser depth by an anticlinal or arched wave of the strata. 
It is possible, therefore, that an idea of the quality of any lower seams will be as- 
certained by the new bore-holes at a lesser distance south-eastward of the now 
proved tract than the interval and apparent dip would imply. 

Degcan Trap Series. 

The coarse pale-colored upper member of the Kamthis in the Phutka hill mass 
and the high plateaus on the edge of the Sirgujah upland were pared down by 
denudation to a tolerably even surface on which the basalts of the Deccan trap 
period were subsequently laid down. Only small remnants of this basaltic covering 
now exist in the area under consideration, and these are entirely separated by a 
long interval of crystallines from the great connected area of this formation, the 
eastern extremity of which is at Amarkantak. Mr. Ball had already mapped 
in some of the basalt cappings of the plateaus around Matringa, and I have added 
to these: he also noted the occurrence of trap dykes about Amaldiha and 
Bakhob at the head of the Mand valley. The trap cappings are not very thick, 
50 or 60 feet at the most, but they consist also to a certain extent of laterite 
the true relation of which io the basalt is not clear and must be worked out 
perhaps on the larger plateaus, such as the Main Pat immediately to the east* 
ward of the Matringa valley. So far as I could ascertain, the upper portions of 
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iihe cappings are either laterite altogether, or only partly so ; and from what I 
have seen of the laterite on the edge of the Mandla and Amarkantak plateau, 
it certainly seems to me that the rock here is in both regions very often, if not 
altogether, a lateritized form of weathered or decomposed basalt or other volcanic 
rocks. 

The higher portions of the Phntka range were not traversed in any detail, 
so that I am not snre whether some of them may not be capped by basalt ; bnt in 
the general absence of trap debris in the valleys I should question whether there 
be any of mnch importance. At the same time I know of a few cappings which 
are apparently altogether lateritic. 

The trap dykes cutting along and up through the Qondwanas of the valleys 
and slopes are marvellous in their length and the height to which they run up 
the lofty slopes into what appears to be absolute contact with the basalt cappings. 
My observations of the junctions, owing to illness and lateness of the season, do 
not unfortunately possess that accuracy required for the complete settlement of the 
question of junction, the bearings of which on the question of the fissure eruption 
mode of discharge of part at least of the great Deocan flows is of the greatest inu 
portance. Nevertheless, I am inclined to be almost positive that the great dyke 
striking about west-north-west — east-south-east past Lemru, in XJprora, does 
actually cut right up through the Sumhaulata hill (over 3,000 feet) into junction 
with its basaltic cap. Again, in the Stump hill of the same group, the capping 
trap certainly appears to be in junction with a great buttress of similar rock stand, 
ing out in dear relief from the lofty sandstone scarp on the eastern face, the 
buttress being also apparently continuous with a run of trap outcrops on the spur 
leading down to the Amaldiha dykes. 



Report on the Bengal Earthquake of July Uth, 1885, hy C. S. Middlemiss, B.A., 

Oeologieal Survey of India. 

A preliminary account of this earthquake, by Mr. H. B. Medlicott, Direc- 
tor of the Oeologieal Survey, has already appeared in the 
^' preceding number of the Records, briefly setting forth 

what inferences could be drawn concerning it from such information as was then 
at hand. Since then, from data personally gathered on the spot in the region 
of greatest violence, and from all available newspaper reports, I am able to put 
the following facts and deductions on record. 

Taking its rise in Bengal, this earthquake of the 14th July was felt with vio- 
lence throughout that province. It extended westwards 
Extent of shock. ^^^ Chota Nagpur and Behar, northwards into Sikhim 
and Bhutan, and eastwards into Assam, Manipur and Burmah. The area over 
which it wafi sensibly felt may be roughly laid down as 230,400 square miles. 
An irregular ellipse drawn through Daltongunge (in Palamow), Durbhanga (in 
Behar), Darjeeling, Sibsagar, Manipur and Ghittagong will give the external 
boundary of that area. Within this, again, another irregular figure may be drawn 
through Calcutta, Sitarampur, Monghir, Pumeah, Siligori, the Garo hills, 
Chattack and Barisal, which will enclose an area over which the shook was felt 
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with snoh considerable violence as to shake loose objects, rattle windows, and 
produce small cracks in double-storied houses. Finally, we have another figure 
within this bounded by Rampur, Bogra, Sherpur (Maimensing District), Mai- 
mensing, Dacca and Pubna^ where destruction to buildings is greatest and loss 
of life has occurred. 

I shall now proceed to describe the results of an examination of the last-men- 
tioned district, where it was hoped that some reliable data would be obtained, 
judging by the accounts of fallen chimneys, and fissured houses which had ap- 
peared in the newspapers. . 

It is of course unnecessary for the purposes of a scientific journal to enter iu- 

^ ^ X . , . . to lenirthy accounts of damage to property and demolished 
Treatment of subject. . ^ .^ xjxvixi.xt i^ 

towns, however great and terrible that loss may be ; con- 
sequently it will readily be understood that such objects as are mentioned below 
are not chosen because of their size or magnificence, or because of the lakhs of 
rupees represented in their ruins, but, solely because either from their form, posi- 
tion, or from soma other accidental circumstance, they best illustrate those points 

•iu connection with the earthquake which are of the greatest use to the scientific 
investigator. ' • 

In an examination of a country devastated by an earthquake, there is sure to 
be a great deal of evidence which at first sight appears to be contradictory, partly 
because of complications in the structure of the objects from which such evidence 
is taken, and partly because of the reflections and refractions of the earth wave, 

'which hinder in some degree the search after the true centre of disturbance. 
And on the other hand, certain classes of objects, such as chimney-stalks, towers, 
temples, and tombs, by their form and isolation, are evidently much better suited for 
observation than complicated doubl^storied houses with verandahs and innumer- 
able doorways, windows and arches. For this reason, I shall divide the series of 
examples of the effects of the earthquake into two groups ; the first of which will 
comprise all the more trustworthy cases, and the second those of a more doubtful 
value, together with certain exceptional phenomena. 

(J). — Examples of first importance. 

On arriving at Serajganj, I found it to be one of the towns which have suf- 
Chlmney-fttfilkB of the furred very severely from the earthquake. It may not be 
^3^>^JS<^°J Jute Com. out of place, for the benefit of foreign readers, to briefly state 
^^^^' that the native town and the European houses in Eastern 

Bengal are both biiilt on two entirely distinct plans, and with entirely different 
materials. One style of house is single-storied, erected by driving roughly-shaped 
tree trunks or wooden posts into the ground, filling in the interspaces with split- 
bamboo mats, and throwing a highly-pitched thatch roof on to bamboo rafters ; 
the whole of the latter being held in position by means of ropes and thongs at- 
tached to the main posts. These bamboo grass houses are well calculated to stand 
the stresses due to an earthquake shock on a.ccount of their ready pliability. The 
other kind of house, though differing architecturally according as it is of native 
or European design, agrees in having brick walls, frequently raised to two, and 
sometimes to three, stor covered with plaster or stucco, and usually bearing a 
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heavy solid flat roof of brick and cement surrounded by a parapet. These haoaea 
have all been badly rent, sometimes beyond repair, or even luined. There is also 
occasionally a kind of house which partakes of both the above described styles, 
having brick walls and a thatch roof, and there are, in addition, many huts of dry 
mud and thatch belonging to the poorer natives. Both these kinds have suffered 
very much, for the former, whilst possessing all the defects of unpliable walls, has 
none of the advantages of a strong flat roof to tie them together, and the latter 
of course readily cracks and crumbles on account of its noaterial lacking coherency. 

Most of the Europeans at Serajganj, which is a very small station, had left 
their solid-built dwellings, and were living in bamboo houses and offices. The 
former were too much split to allow of remaining in them with safety, especially 
as repetitions of small shocks daily indicated that the disturbing forces at work 
below were not yet in a state of complete equilibrium. I shall return to the 
house cracks later on, at present dealing only with the chimnejrs. 

The two chimneys of the jute works (see figure 1, which is reduced irom the 
original plans, kindly lent me by Mr. Allister Macdonell, the owner of the mill), 
were both broken by the earthquake. The heights of the mill and foctory chim- 
neys were 135 feet and 95 feet respectively ; and 40 feet from the STunmit of the 
larger and 11 feet from the smaller were shot away. 

Mr. Robertson, the manager, was fortunately an eye-witness from a position 
^ between the chimneys at the time of the earthquake, and 

he asserts that there seemed to be a sudden thrust from 
below, by which the upper part of the south chimney was first shattered, and 
jerked off ; and for some time a shower of bricks and mortar continued to fall all 
round the base. A moment after the large chimney had gone, the factory chim- 
ney to the north was affected in exactly the same way ; its upper part being 
jerked off into the air, and a shower of bricks subsequently descending 
from the broken edges. If these impressions are to be relied on, two points 
of importance come out, (1) that the earthquake wave with a steep angle of 
emergence shot away the upper parts of the chimneys by its first and second 
semiphases combined, but was unable to overturn them as wholes, because of 
their flexibility, which would considerably relieve the strain, and because of 
their breaking above, which would further ease them: ; and (2) if the south 
chimney was the first to fall — and there seems no reason why a very slight 
difference in the order of breaking should not have been appreciable by the 
eye — then it is clear that the shock must have come from some point generally 
speaking towards the south : it is in fact easy to demonstrate that the difference 
in time of the arrivals of the shock at the two chimneys would have been appre- 
ciable. For the chimneys are 338 feet apart, lying very nearly north and south : 
now Mallet gives 825 feet per second as the rate at which a wave of elastic com. 
pression travels through sand, and thou^^h the soil at Serajgunj is clay and sand 
combined, ifc would certainly not be a much higher rate than this. Hence about 
^ths of a second would have been consumed in travelling between the chimneys, a 
period of time well above what can be detected by the eye. In reality, however, 
some small reduction on this value must be made on account of the probable 
direction of the shock being something east or west of south, a condition which 
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would have diminished the time occupied by the wave in travelling between the 
ohimneys. 

I now come to my own observations of the mins. The large chimney, the 
. only one which had been in nse for some time, I found had 

been hastily repaired by knocking away the loose bricks 
at the top and putting on a temporary coping. The old factory chimney had 
been left untouched while this work was going on, and I could examine every- 
thing in the state just as it was immediately after the earthquake. The broken 
surface I found was exceedingly jagged and irregular, with its highest part 
towards the north-west, a feature agreeing in every way with the statement 
of Mr. BobertBon, that the edges, during the secondary vibrations, crumbled away, 
and not by any means presenting the appearance of a clean cut fracture. From 
photographs of the large chimney, I was able to see that its original state before 
the repairs was very much the same as that of the small chimney. On the other' 
hand, at about middle height of the chimney, there was a very distinct crack, 
showing on the east-north-east and north-north-east faces of the factory chimney 
which is an octagon in section. The crack was such that, roughly speaking, it 
might have been made by a plane of fissuring, which for convenience, and in con- 
formity with geological nomenclature, we may speak of as " dipping " towards the 
north-west. The same was observable in the mill chimney. The angle of di]) 
would be steep, perhaps 60®, but owing to the great height of the chimneys, a 
reliable observation could not be made. An examination of the debris around the 
base of the factory chimney brought out many points of interest, and corroborat- 
ed the account of Mr. Eobertson. I found the ground so covered was elliptical 
in shape (see fig. 2), with its long axis running north-40®-we8t and south-40*'-east ; 
but whilst in the former direction the fragments extended 29 feet from the base, 
in the latter they only extended 25 feet, showing that the mass of the material 
had gone over towards the north-west. And besides, there was a very conspicu- 
ous difference in the nature of the fragments on either side. Towards the north- 
west, the broken parts of the chimney were to some extent coherent in them- 
selves, being made up of groups of 20, 30, or 40 bricks still showing traces of the 
shax>e of the walls ; but in the opposite direction nothing but individual bricks, 
and fragments of bricks could be found. Again, towards the north-west, some 
2 or 3 feet from the outermost edge of the debris, we came upon the broken 
remains of the iron coping. Thus we have very clear evidence from the ruins, 
that the mass of the broken part of the chimney, together with the iron copmg, 
fell in the direction north-40®-west, whilst only bricks and mortar, loose or broken, 
fell towards the south.40®-east. The mill chimney, though not so adapted for 
observations on account of the debris having been cleared away, nevertheless 
gave some information from the circumstance that in falling, the broken part had 
crashed through the workshop roof and^ parapet. As in the preceding case the 
area of the debris, or marks of the debris, was elliptical, but with the long axis 
running in this case nearer north-north-west and south -south-east, though these 
directions were not got so satisfactorily as in the case of the factory chimney. 
Here, too, the broken roof showed that the fall had been much greater towards 
the north-north-west ; for up to a distance of 32 feet from the chimney the roof 
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was broten-in in that direction, whilst in the opposite one the bricks were only 

scattered on the gronnd 17 feet from the base of the chimney. The iron coping 

in like manner was found towards the north-north-west, in a position pointed ont to 

me by the manager, where it had penetrated throngh the roof into the workshop. 

Now putting these colligated facts together with the statement of Mr. Robert- 

^ , .. son, we may from them draw the safe conclusion that the 

shock came from the direction south-east or south-south- 

east, and shot the bulk of the broken part of the chimneys over towards the 

north-west or north-north-west. 

The cracked condition of these form the next piece of evidence which I place 
among those of first importance. They are small Hindu 

^^^o^^1iftricT.r ^*'™®® ^ ^^^ ^ ®'^^ octagonal in shape, the height 
' being usually two or three times the diameter ; and either 

entirely isolated, as the one shown in fig. 3, or with sometimes a porch on one 
side. In every way they were good subjects for observing the direction of the 
cracks, for their solidity and symmetry prevented the fissures from being in- 
fluenced by any pre-disposing lines of weakness. The diagram, fig. 3, shows the 
general appearance of a couple of cracks in one of these temples. They were 
exceedingly well-cut fissures, and discernible at a good distance. The dip of the 
Assuring plane was 4f5° north-west: In two more examples of temples of the same 
build and size, except that a porch was attached to one, I found fissure planes 
respectively dipping west-north. west at 55® and 60®. Attaching a little more 
value to the evidence of the first temple, inasmuch as it was more decidedly rent 
than the others, we may take as relative means north-50®-we8tforthe direction, 
and 50® for the angle. From these we get south-50®-eafit as the direction from 
which the earthquake shock came, and 40® as the angle of emergence at that 
place. Besides the temples, there were some good examples of house corners shot 
away, generally in a north-west direction, the fissure plane making an angle of 55® 
with the horizon in some places ; but as a rule among the 100 destroyed houses 
at Sherpur, the. collapse was so complete, owing in a great measure to the build- 
ings being old, that neither directions nor angles could be obtained. Since 
Sherpur lies to the north-west of Serajganj, we may take it that the observa- 
tions there corroborate the truth of the conclusions drawn from the jute works* 
chimneys, whilst in addition we get a rough estimate of the angle of emergence 
for the alluvial soil of Sherpur; though this, it must be remembered, will 
probably be steeper than the real angle owing to refraction in passing from the 
highly elastic solid rock to a clay stratum of very low elasticity. 

Hearing, when at Maimensing, that a tomb had fallen in the Jamalpur ceme- 
tery, a report considerably qualified by the fact that ant 
order had been issued for it to be cleared away, I hasten- 
ed to that place, and fortunately arrived before the order had been carried 
out. It was a small cemetery, containing some ordinary graves, and this one 
large tomb, erected in 1837 to Anne, the wife of Major Cox of the 58th N.I. The 
erection consisted of the tomb proper, a rectangular raised sarcophagus, surround- 
ed by eight pillars in a circle, and covered by a hemispheroidal dome, or canopy. 
The whole was built of brick and stucco, and represents a common form of tomb 
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in Eastern Bengal cemeteries (see fig. 5). The appearance, when I saw it» was as 
shown in fig. 6 ; the pillars had all fallen in one direction, and split np into various 
lengths; whilst the great heavy canopy had fallen towards the sonth-10**-east, 
and coming into violent collision with the low wall of the cemetery, had split into 
several pieces, some of which fell into the road beyond, and the rest lay, partly 
on the foundation base, and partly on the ground between it and the wall. The 
tomb itself was uninjured, except at the upper corners, doubtless by the canopy 
just grazing it as it fell. A glance at the elevation, and the overthrown 
state, will at once illustrate the manner of its fall. The weight of the massive 
canopy, and the slenderness of the pillars, make it clear that the inertia of the 
upper part of the mass was sufficient at the time of the earthquake to prevent it 
moving along with the pillars, and consequently the tomb fell in the direction 
jrofw. which the shock came. 

The following are the dimensions of the parts and adjuncts of the tomb, 
gathered from the ruins themselves : — 

Base, 12 feet 10 inches square ; 9 inches thick. One side faces north.3°-east. 

Tomb proper, length from east to west 4 feet 4^ inches ; breadth 3 feet 4^ 
inches ; height from base 6 feet. 

Pillars (8), 6 feet 10 inches high ; 1 foot 8 inches in diameter. 

Stone capital on each piUar, 2 inches thick. 

Circle of pillars, diameter of outer edge 11 feet 4 inches, equal to diameter of 
canopy. 

Height of hemispheroidal canopy 5 feet 8 inches ; thickness 1 foot 7 inches. 

I shall discuss the figures later on in their bearings on the velocity of the 
wave particle, together with the data afforded by the chimneys at Serajganj, at 
present merely drawing attention to the fact that the line of the shock, north-10^- 
west and south-lO^-east, when laid down on the map, is seen to cut the line from 
Serajganj at a point between Dhamra and Atia, on the son th- west side of the 
Madhapur jungle. This gives us approximately the position of the seismic vertical. 

This example is put with those of first importance, because the nature of the 
construction was such as to favour overthrow by reason 
«rowr^ awbcf,MDkti. ^^ .^ j^^^j^ . ^^^ notwithstanding the fact that the con- 
clusions which may be drawn from it contradict, in some 
degree, those previously arrived at. The arch is a brick and stucco arrangement, 
and, as wiU be seen from the diagram (fig. 7), very problematical in its uses, since 
it supports nothing whatever. There is a duplicate one some 30 or 40 yards 
away, and both open into a garden belonging to a local zemindar. As both have 
been affected similarly a description of one will be sufficient. The gateway faces 
south-13^-east, and when I saw it the arch had been cut clean off on a level with 
the top of the gate-spikes. The fragments wore piled in a heap on one side, 
but from the freshly patched indents on the cement pathway, and from the broken 
spikes, it was evident that the falling arch was not displaced horizontally to any 
great extent in a direction at right angles to the gate ; but that, probably snap- 
ping into two or more fragments, it dropped nearly vertically down on to the gate 
spikes, but with sufficient leaning towards the. south side to turn all the fragments 
in that direction. The indents however were not situated midway between the 
gate posts, but more towards the east than west, showing that the shock was not 
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orthogonal to ibe plane of the aroh. From the gate facing sonth-lS^-east, and the 
obliquity of projection of the fragments, we mnst look for the destroying foroe in 
a Bonth-east direction. Bnt Mnktigarchia stands nearly north-north-east of the 
seismic vertical already obtained on the best evidence ; and the only way for the 
apparent contradiction to be reconciled is either by the assumption of another 
minor centre of disturbance south-east of Muktigarchia, or of a reflected wave. 

This was one of a kind similar to those mentioned at Sherpur, but slightly 
. more lofty, i,e.^ a Hindu shrine to Siva, octagonal in form 

^^^ ' and with a conical apex. A fine, but perfectly distinct 

crack, was discovered cleaving through the lower story. Viewed from the inside 
where it Was seen better, the highest point of the crack was seen to be at the 
sonth-south-west angle. Hence the Assuring plane would dip towards the north- 
north-east. The angle was low, about 35*. This gives a direction for the shock 
south-south-west, and a very high angle of emergence. The direction, when laid 
down on the map, is seen to cut the jioint already obtained as the seismic vertical. 
It should be mentioned, however, that a heavy brass water- vessel, threaded on an 
iron rod, which forms an ornament for the summit of the conical roof, was bent 
over towards the south-east at an angle of about 60* with the horizon. It waa 
prevented from falling by a heavy chain attached to it, and which hung down 
from the roof in the interior of the temple. I was unable to learn whether the 
ornament was free to turn on its base, as on a pivot, or not, and so the value of 
the direction here indicated is lessened by the doubt that it might have had .m 
rotatory motion given to it, and eventually have settled into its present position 
quke irrospective of the direction of the shook. 

This Inrings to a conclusion my examples of the first order of importance. 
Those of secondary importance, and some few exceptional phenomena, will be now- 
described. 

{II) * — Examples of secondary importance. 

The mill being a rectangular building, with one wall facing externally 
towards the south-68*-ea8t, it will readily be seen that 
Jute WoX^"* Serajganj ^^ direction of the earthquake shock, as obtained from 
the chimneys, was very nearly diagonal with regard to 
the four main walls of the building. It is probably due to this circum- 
stance, and to the fact that iron tie-rods are used throughout to bind the walla 
together, that comparatively little damage has been done ; though it should not 
be overlooked that a mill, with the jar of machinery constantly throwing every 
wall into a state of tremor, would be much more likely to stand an earthquake 
tremor than any other building that was, so to speak, not so accustomed to vibra- 
tions of its parts. Such damage as has been done is just in the position we should 
expect. From the <^rcumstanoe that the shock was diagonal to the main walls^ 
we may imagine it resolved into two equal component shocks, each at right-angles 
to one set of parallel walls, and each doing about the same amount of damage. 
But whereas the eant-south-east and south-south-west walls ^ are those which 
would tend to be driven inwards by the shock, and would be supported by the 
neighbouring walls to a large extent, the north-north-east and west-north-west 
waUfl being respectively driven outwards by the shock, and having no- walk in 
1 If.B. — fiaBt-fonth-enst wall meant a wall fincing east-south-east. 
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that direotion to support them, it is more than probable tbat iliej would be the 
onea to crack. An examination of the building shows that this has been the case. 
The north-north-east wall, between the mill and the factory, but quite unconnected 
with the latter, and so unsupported by it, has a line of crack near its junction with 
the roof running tfa^ whole length of the building ; whilst on the west-north west 
side of the mill, the wall between it and the * softening-room ' is also cracked for 
about half its length. Another parallel wall, east-south-east of the ' baling-house,' 
in connection with the miU, has similarly started a crack, which, dipping at an angle 
of 50^, penetrates the line of arches running down the centre of the said room, and 
this is crossed by another, parallel in strike, but dipping at right angles to it. 

I take this as another example of wall cracks, partly because it is the largest 
house in the station, and has been the most decisively 
SemJgJSj?^**"^^^'*^**'^' cracked ; and partly because, unHke the mill, it lay with 
its walls fronting, or at right-angles to the direction of the 
shock, and well exemplifies, both in the direction and magnitude of the cracks, how 
much more severely a house thus lying is shattered, than one lying diagonal to the 
shock. There is no impediment in this case to the house* freely rocking to the 
shook, but the momentum thus accumulated becomes fraught with great danger 
on account of the unpliability (practically speaking) of the walls in such struc- 
tures. The house is a double-storied one, in the Calcutta style, with a lower and 
"upper verandah facing south-52^-east. As in all cases of double-storied houses, 
the upper part has been the most damaged; for such rents as go completely 
through the house from top to bottom, are wider above than below, and there are 
many others which only penetrate through the upper story, and then die away. 
ThQ main cracks are best seen in plan on the fiat roof for this very reason ; and I 
may here state that every house which I subsequently saw of this type, and which 
lay at right-angles to the shock, or very nearly so, has four types of cracks as seen 
on the roof. There is first of all the verandah crack, dividing the verandah from 
the house, and usually the worst, inasmuch as it takes its origin along a very con- 
spicuous line of weakness. On the opposite side there is usually the portico crack, 
in a similar way starting along a line of weakness. Thii-dly, there is the main 
crack, uear the centre of th& house (see diagram, fig. 8), usually the most reliable, 
cutting like a knife through parapet, pillar and roof, and rending the house from 
top to bottom. Lastly, there are some few corner cracks at right-angles to this. 
Such are the cracks in Mr. Macdonell's house. When their projections are traced 
on the vertical side-walls, all but the verandah crack are seen to dip about 60° north- 
52**- west in their upper parts, but lower down they usually wander more irregular- 
ly along windows and doorways, finally branching in various directions at a very 
low level where the momentum of the moving walls would have been loss. 

A tower, about 24 feet high, built above the stables, was also cracked in the 
same direction, the angle being about 55^. 

Of other houses in the station, mention may be made of the Joint Magistrate's, 

, which lay even more in the direct line of the shock than 

oin agis B ouae. ^^ previous one, the verandah &Ging south-40**-ea6t. It 

was a single-storied house with brick and plaster walls, but with, a thatch roof. 

It had accordingly suffered very severely, the main crack and. verandah crack 

dipping north-40^-west with an angle of about 70.° 
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A single-storied house with flat solid roof and solid walls showed as many as 

three main cracks, and a verandah crack in plan on the 

Mr. MolJison s hoiue. ^ -i i • m-i i .1 ^ 

roof, and several minor ones. The house was north and 

south ; and the cracks dipped slightly west of north. They were vertically inclined 
near the verandah, hut in the other direction gradually assumed an angle of 60 
or 70." 

Several native gentlemen's houses were also shattered, but with one exception 

gave no fresh data. This exception, which is rather an old 

house, is double-storied,' and faces south-13^-west. The 

shock came diagonally upon it, and shot away one comer by a plane of Assuring, 

dipping north-32^-we8t in an irregular manner. 

At Subomkholi and Muktigarchia, though some houses were cracked, and a 
small chimney stalk rent near the summit, there was nothing which afforded safe 
evidence. In like manner an inspection of the Rajah's palace at Muktigarchia, 
which has suffered terribly by the earthquake, on account of its peculiar construc- 
tion, was equally barren in results. 

At Maimensing there were some better results. The jail has its enclosure 
wall facing north-north-east cracked for a long distance 
^ ^ ' near the bottom ; and at the comer where it joins the east- 

south-east wall it has parted from it outwards, leaving a gap of an inch or so 
wide. The south-south-west wall near the entrance gates is also cracked more or 
less horizontally for some distance. But neither of the two walls at right-angles 
to these have been cracked, save one for a short distance. This is what should 
happen with the shock coming from the south-south-west, the direction of the 
seismic vertical. Many of the buildings within the enclosure are nearly new, and 
such cracks as they show would favour a shock from either of the opposite direc- 
tions. One older building, however, has a crack at its north-north-east end of veiy 
serious size, dipping nearly vertically. This better agrees with the evidence of the 
enclosure walls. 

The dispensary on its south-east and north-west end walls showed a set of in- 
tricate fissures, crossing one another at right-angles, and 
pensary. ^^^^^ ^ could have been produced by a Assuring plane 

dipping either north-east or south-west at 46.** Those in the former dircfction 
were the most conspicuous, inasmuch as they started originally from the summit 
or sides of the walls, whilst the others started from some point on them. 

A mosque (see ^g, 9), near the dispensary, is interesting because it has had its 
north-north-east comer walls shot away, evidently by a 
McNiqiie. shock coming from the south-south-west, which has sJso 

rent the north wall in three places, and one of the domes. There is also an ap- 
proximately horizontal crack in the west wall at about half its height. 

A house belonging to the Bajah Saraja Kantu Acharji was fortunately placed, 
and received the full effects of the shock. It was rectan- 
Houae. gular, and lay with its ends facing east-south-east and 

west-north-west, very nearly. These end walls were also fortunate in not being 
too much pierced by windows and doorways. They revealed cracks produced by 
planes of fissure dipping north-north-east 50^ and south-south-west 40^ which 
crossed one another at right-angles. If anything, the planes dipping south-south- 
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west were slightly the more pronounced, of the two. This house, and the dis- 
pensary already mentioned, were both good examples of the effects of an earth- 
quake wave rising upon a building exactly at right-angles to its path. 

This is the only other building which left any legible record. It is in an un- 

mu ^ 1. 1. . finished state of building, but beyond some few small cracks 

ine new Kacbann. . • • ^ i j mi 

no permanent injury has been done. There seems no 

doubt that this leniency is mainly to be put down to the newness of the mortar, and 

the consequent pliancy of the walls. The cornice running along the top of the 

walls has howerer fallen at several points, because it needed the binding effects of a 

roof to keep it in place. The fall has only taken place from sach walls as faced 

north-22®-west, or south-22**-east, and slightly round comers on the east-north-east 

walls. The largest piece has gone from the north-north-east comer. As the building 

lies with its long axis east-north-east and west-south-west, no doubt there would be 

more tendency in the walls to rock at right angles to that line than with it ; but, as 

the shock came diagonal to the building, some small resolved part of it must be 

allowed to set the end walls in a tremor, though not so violently on account of their 

relative shortness. The results show that the more conspicuous shaking was 

imparted to the long walls facing north-north-west and south-south-east, and a 

smaller shaking to the shorter ones at right angles to these ; whilst the far larger 

piece of the cornice tumbled from the north-north-east comer shows that that was 

the point the least supported, as would be the case with the shock from the assigned 

south-south-west direction. It may also be noted that the small cracks in the 

arches of the lower story are also at this corner of the building. 

At Dacca I got very little evidence of the earthquake, though from all accounts 
^^ the shaking here was very severe. The police reported a 

temple fallen at Barisur on the opposite side of the river, 
but on visiting the place I found only the blackened ruins of one which had 
collapsed from decay some years ago. Fig. 10 represents a house on the river 
bank that has had the stucco mouldings shot away on its south side and south-east 
comer. The south-west comer also showed two cracks dipping south-east roughly. 

Several other houses also showed the same thing, both cornices and plaster 
falling towards the south or south-east, and nevd^ towards the north. A careful 
scrutiny in the cemetery was unrewarded by any fall greater than bits of brick and 
plaster, and an earthenware vessel from the summit of a tomb. The vessel, 
originally threaded on an iron spike, had broken, and only half of it fallen to the 
ground, and was, in consequence, of doubtful value as evidence. It fell towards 
the south-south-east, which was also the general direction of the plaster chips. 
Thus there was just sufl&cient evidence here to bear out all previous conclusions with 
regard to the position of the seismic vertical, but nothing to corroborate it. On 
the whole, the damage done in Dacca is disproportionately small compared with 
otber places equally near the centre of disturbance. The reaeon for this I shall 
consider later on. 

(lit), — Ihsceptlonal phenomena. 

Earth fissures opened at Serajganj, Subornkholi, and Jamalpur, and some few 
other places. In every case that I examined they had 
taken place either by the banks of a river, or elevated road 
• F 
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way, or the sloping sides of a tank. In one case at Subomkholi, near Mri Webster's 
jnte mills there were some irregular cracks, opened apparently on the flat, though 
not many yards from some water. They were fringed all round the margins by 
fine sand, which bore testimony to the statement made by Mr. Webster that water 
oozed up through these cracks carrying the sand with it, and sometimes even 
spurted up into the air some few feet. When at Jamalpur, I received from the 
Deputy Magistrate some pieces of lignite which had been similarly thrown up 
through fissures along with sand and water at Sherpur (Meimensing disti-ict). 
There is no reason to imagine that these fissures differ in origin from those so well 
described and explained by Mr. R. D. Oldham, in his discussion of the Cachar 
earthquake of 1869, published in Vol. XIX of the Memoirs of the Geological 
Survey of India, and to which I refer the reader. It is there shown that during 
the passage of an earth wave, contiguous vertical zones are moving respectively 
forwards and backwards at the same moment, but that on level ground the cohe- 
sion and inertia of the motionless masses of clay in front and behind are sufficient 
to prevent rupture. On the other hand, when a bank is approached, the particles 
of clay moving forward have no inert clay mass in front to stop them and take on 
their motion, and consequently those particles break away from the zone of back- 
ward driving particles and a fissure is formed. 

In three cases wells were curiously afFected by reason of the same causes. At 
Serajganj a well pipe, 13 feet 7 inches long and 1^ inches in 
bore, was filled throughout with sand tightly jammed 
into it. I was told that, at the time of the earthquake, water rose in the well, and 
that since then the bottom of the well had broken through into the underground 
vacancy made by the ejection of the sand. At Subomkholi I saw a well which 
had had its tiled casing, about 1} feet in diameter, moved towards the north-west, so 
that, looking down through the brick mouth of the well, it was seen to be entirely 
on one side instead of in the centre. I also heard of another well in the neigh- 
bourhood out of which a brass vessel had been hurled some distance. 

The water of a tank close by the jute company's works, Serajganj, was thus 

affected, according to an account of the manager. The 

Tank, Serajganj. j^^^ ^^.^ ^^ ^^^ ^^^ ^^ north-20^east, and the water 

seemed to run east and west from the sides, gathering up in the centre, and then 
to spread out again to the sides. 

Some brick stacks in a brick yard at Maimensing were partially overthrown. 
They all stood 3 feet 9 inches in height ; and the north- 
"^ * north-east corners were the ones shot way. The outer- 

most bricks fell at a distance 4 feet 9 inches from the outer edge of the stack, 
a distance obtained by taking the mean of eight different measurements. 

{TV), — Discussion of data. 
If we take a mean of the directions of the fallen chimneys at Serajganj, 
also the direction of the tomb at Jamalpur, and that drawn 

:. iu'^'UfJ*^'*^ "^ from the cracks at Maimensing, we have to place the 
deptii 01 I0CU8. . . ^.1 «,.,.,. 

seismic vertical as emerging on an area 3^ miles in dia- 
meter with its centre 37 miles south-37®-east (true) from Serajganj, or 90** & 30* 
East Long., and 23** 59' 20" North Lat. But there is still another method of 
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procedure open to ns. If we take some three towns on the map where the des- 
traction to buildings is markedly greater than elsewhere, and describe a circle 
through them, the centre of that circle will be the position of the seismic vertical. 
Now there is no doubt that Sherpur (Maimensing district), Bogra and Nattore 
are three such places, as reference to the telegrams and letters published in the 
Erigltshman between the 15th and 25th July will show. These three places are 
all about equidistant from the assigned position of the seismic vertical near Atia, 
and thus the position of this point is made doubly certain. In discussing the 
depth of the focus we have also a double method, the first method being to tak« 
the angles of emergence as deduced from the fissures, and apply the formula^- 

DbC tan E, 

where Dsdepth of focus, Gsdistance from seismic vertical, and Ecangle of 

emergence. 

At Sherpur (Bogra district), G=61 miles, and E=40°, 

.*. D - 61 X tan 40^ 
that ifl, D « 61*18510 miles, or about 61 milM. 

At ICaimensing we had 40^ and 45^ as the angles of emergence, taken from the 
cracks in the Dispensary, and one of the houses belonging to the Rajah. Now, taking 
42^^ as the mean angle, since Maimensing is 55 miles from the seismic, ver- 
tical we have— 

D- 66xtan42|% 
that is, D •> 60*39816 miles, or about 50 miles. 

In the second method, the depth equals the diagonal of the square described on 
a radius of the circle passing through three or moi*e points where the destruction 
to buildings is greatest. So that» taking the radius of the circle described about 
the towns Nattore, Bogra, and Sherpur (Maimensing district) as 74 miles, we 
have— 

D - V2 X 74*, « 104 miles nearly. 
The second method thus gives a far greater depth for the focus than the first. 
But both are far higher values than are usually assigned to an earthquake focus. 
This may be partly accounted for by the fact that, in its passage from the lower 
solid strata into the upper alluvial soil of Bengal, the earthquake wave must have 
been refracted ; and so the emergence angle would appear too steep. 

On the whole, owing to reasons which will be given below, when treating of 
the arc of violence, we may place more reliance on the former than on the latter 
method in this particular case. So, if we take the mean depth of the two first 
calculations, and subtract ten per cent, for refraction (an arbitrary amount), we 
have about 45 miles as the depth of the centre of disturbance. 

In considering those points on the earth's surface where the greatest damage 
has been done to buildings, which points, as before men- 
tioned, can be included in a circle with the seismic vertical 
for centre, we are at once struck by the fact that it is not at every point alike of this 
circle that great disturbance has occurred, but only at certain of them forming an 
arc of about 90** having Maimensing at one extremity and Nattore at the other. 
This arc of violence is indeed wonderfully contrasted with the rest of the circle ; 
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for if we take into consideration a large station like Dacoa^ which is not qnite so 
far from the seismic vertical as Serajganj, we find the destraction caused there in 
no way comparable to that at that place. At Pubna also no very great damage 
has been done, whilst from Faridpur and Knmila (Gomillah) there have been 
absolutely no reports nor telegrams in the newspapers. To nnderstand the reason 
For this a geological map must be consulted : it will then ibe seen that, whilst 
places on the southern arc of the circle of greatest possible destructibility have no 
outcrop of metamorphic rock nearer than 200 or 300 miles, all those places situated 
on the actual arc of violence are within 75 miles of solid rock, namely, the meta- 
morphics of the Guro hills, or the Bajmahal trap ; some places being even as 
little as 37 miles from the Garo hills. In other words the great plain of Bengal, 
though 325 miles broad between Ghittagong and Balasore, narrows in a northerly 
direction between Bajmahal and the Ghuro hills to 135 miles. Now from the fact 
that the latter places are where the two masses of metamorphic rooks of Ghota 
Nagpur and Assam respectively most nearly approach one another, we may infer 
that a line joining them would cross that part in Bengal where the depth of alluvial 
soil is less, and where the metamorphics come more nearly to the surface than at 
any place further, south. We thus see that the aro of violence is situated near 
where this shallowing of the alluvial soil takes place ; and we at once recognise 
that the latter is the cause of the former. 

In support of this, and also the better to enlarge on my meaning, I will take 
the liberty of quoting from Mr. Mallet's report on '* Earthquake phenomena" in the 
Eteport of the British Association for 1850, when speaking of the great Calabriaai 
earthquake. He says : — 

" The centre of effort in this earthquake was under the great plain, and prohahlj ahont under 
where once stood the village of Oppido» but at an unknown depth. The observations made amount 
to no more than this ; that the shocks did less mischief to structures on the granite or slate rocks 
of the hills, than they did to those on the plain of clay, &c. ; that the destructive effects of the 
shocks were very great along the line of junction of these, at the bases of the hills (from which 
some philosophers of that time concluded that the earthquake came from the mountains), and that 
along this line, shocks in dose succession were felt, not only horizontally and vertically, hot also in 
opposite directions. 

" Now we may a priori account for these facts, on the principle that the velocity of the shook 
or earth wave depending on the density and modulus of elasticity of the formation through which 
it pnsses, and its velocity being greatest in those whose elasticity is highest, while its range of 
motion is most limited in the same ; therefore the shock here was of less velocity in the plain than 
in the rocky hills ; but had in the former a longer range of oaoillHtion, nud henoe did most mischief 
in the plain. Along the line or plane of junction of two formations of different elasticities, Ac^ 
the earth wave will change its course and also its velocity (like light in passing from one medium 
to another), and here the wave will be divided, part of it will be refracted, and pnrt reflected (or 
total reflections may take place if the angle of incidence be suitable to the plane of junction) ; and 
the latter portion of the wave will in such case double back upon itself, and give rise to a shock in 
the opposite direction to the first one. Hence, along such a line of junction, the destructive effects 
will be very great." 

The case we are considering, thongh not qnite agreeing with the one quoted, 
differs only in degree ; such difference as there is depending on the fact that the 
centre in our case was too far away from the hills for the circle of greatest des- 
tructibility to cut at any point the line of junction between the metamorphic 
hills and the plains of clay. Still, the fact that the destruction is accentuated along 
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the arc of yioleDoe, t.e., the arc neareist the hills, shows that reflected waves from 
the quickly transmitting rocky basin must have started ont back from the hills 
before the slowly travelling wave in the clay reached them ; and those reflected 
wa^esy thongh not strong enough of themselves to produce destruction on the 
actual line of junction of the plains and hills, must have had some considerable 
power iu augmenting the efEects of the direct waves when the two sets met, and 
even for some time before and after meeting, since many objects caught still vi- 
brating from either shock would be more e^ily overturned by the succeeding one. 

And once more, the smaller depths of alluvial soil along the northern arc of 
the circle of greatest destructibility would receive the full efiFects from the direct 
shock, whilst the thicker pad of clay on the southern arc would, by being vio- 
lently moved as to its particles in its lower part, have in some measure dissi-* 
pated the motion before it arrived at the surface. 

We thus see that primarily it is owing to the shallowing of the deltaic deposit 
of the Ganges and Brahmaputra, as the metamorphic hills or their sub-alluvial 
representatives are approached, and also to the proximity of the two latter, that 
more destruction has been caused north of the seismic vertical than south of it. 

We may also expect that owing to the same causes the circle of greatest de* 
structibijity to buildings, as laid down on the inap from the arc of violence, is of 
much larger diameter than it would have been in a perfectly homogeneous coun- 
try ; and therefore estimations of the depth of the focus from the diagonal of the 
square of the radius of that circle will have far too great a value ; as.we were led 
to expect by their non-agreement with the angle of emergenoe method. 

This can be obtained within limits from the tomb at . 
^^ocity o t e wave Ja^alpur and the chimneys at Serajganj, the^ d^ensions 
of which have already been given. 

In the first case we have to treat the fallen body as one upset in (the direc- 
tion from which the shock came by its inertia of rest, during the first. semiphase; 
and in the second case we have an example of oscillation of a body beyond 
its limits of flexibility, due to its inertia of motion during the second semipbase. 

Let us first take the simpler case of the tomb at Jamalpur. 
tomT^iSpJ. "^ *^* If we call 8 W. the weight of the canopy, then, since it 
is supported by eight pillars, each of them bears a weight 
equal to W, that is ^th of the whole. Now since the whole canopy is symmetrical 
about any vertical plane passing through the centre, we may look on the mass of 
the canopy as also divided into eight parts and individually placed vertically above 
each pillar, at the same level as the centre of gravity of the whole, that is, 2 feet 
2 inches above the pillars. For, if we take any pair of pillars opposite one another, 
we see that, just as much as the one is helped in its upsetting by the mass of the 
canopy being on one side of it, the other in like manner is hindered to the same 
extent, and since they are in rigid connection by the canopy the one condition 
balances the other. Thus the problem narrows itself to the overthrow of one 
column supporting a mass proportional to W at a point 2^ feet above its upper 
end. 

It is now necessary to ascertain the proportional weights of the column and 
the supported mass. We obtain this by calculating their respective volumes, since 
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the material being the same, the weights will be proportional to the volume. The 
whole of the canopy contains 412,142 cnbic inches, and therefore |th contains 
51,518 cnbic inches. Each pillar contains 26,389 cnbic inches, and will therefore 
be about half the weight of the portion of the canopy it supports ; and since the 
mass of anything is proportional to its weight at the same point on the earth's 
surface, we have the mass of the portion of the dome supposed concentrated 
above the pillar equal to twice the mass of the pillar itself. 

We must now get the moment of inertia of the whole in order to find the 
centre and radius of gyration. For since the whole may be considered as a com- 
pound pendulum swinging on one e^^ of the base of the pillar, we need to find 
the length of the simple pendulum which gyrates in the same time, t.e., the distance 
of the position of the centre of gyration (where we may consider the whole mass 
of the pillar and its burden concentrated) from the axis of gyration. By dividing 
the system of pillar and its portion of the canopy into suitable portions, and taking 
the sum of the products of their masses into the squares of their distances from 
the axis of revolution, we obtain — 

m i^\ "*li® moment of inertia of the whole system, 

where m =: the mass of the pillar, and therefore Sm = the mass of the system. 



then r* — m 



3m 



=71^ " (radius of gyration)** 



that is to say, the position where we may suppose the whole mass of the pendulum 
concentrated into a single heavy bob is distant ^71^ feet from the axis of re- 
volution. 

In the annexed figure let ODEP = the pillar of which 
A is the centre of gravity, and let B = the point where 
the mass of |th of the canopy is supposed aggregated. 
Then dividing BA into three equal parts, of which BG is 
one, gives us Q the centre of gravity of the whole system, 
since the masses at B and A are proportional to 2 and 1. 
The point G is 2 inches above CB or 7 feet 2 inches 
above the ba&e DP. Join GP and let the angle GFE = *. 
Then since DP = 1 foot 8 inches and EP 7 feet, we can 
get the length of GP = 7^ feet. 

Now in order to upset the system we must cause G 
to revolve about the axis P through the angle ^, and 
the measure of the velocity of the horizontal force acting 
at G competent to raise it to the height entailed by going 
through that angle is the measure of the velocity of the 
horizontal component of the earth wave that is at least 
necessary to overthrow the system. 

Let a denote the distance in feet of the centre of gravity of the system 
from the point P, then the statical work done in upsetting the body whose weight 

^ff''^' WiaO-coB.^ 

» See Mallot. Neapolitan Earthquake of 1867, p. 125, Vol. I. 
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This mxiflt equal the dynamioal work acquired whioh ia equal to the work 
stored up in the centre of gyration or 

W^aa— cos.0) = ^??^^ . 

where w is the angular velocity of the body at starting, r the radius of gyration, 
and g the velocity acquired by a falling body iq one second of time. 
Equating these two values of the work done we find 

*»» r> = 2flfa (1— COS. 0). 

But m the angular velocity = the statical couple applied divided by the moment 

of inertia or 

V a cos. 0. 

" = —7* 

Squaring and substituting 

^ a COS.* 
Now putting the actual values for these letters we have 

therefore V* = 4 nearly, 

or y = 2 feet per second, the velocity of the horizontal 

component of the earthwave. Then, since the angle of emergence here was 39**, 
we have 

V* = — -^ = 2'66 feet per second. 

V* here represents the least value necessary to overthrow the canopy, and, so 

far, the actual velocity might have been anything above 2*56 feet per second. 

But, from the fact that the body of the tomb itself was not overturned, nor 

even fractured at the base, we know that the velocity was 

Tomb itself. j^^^ ^j^^^ would have been required for that purpose j and 

so we can limit the velocity in two directions, though not within very narrow limits. 

The following is the formula for the 6:acturing of a solid parallelopiped at its 

base by a subnormal wave : — 

^ " 3 ^ a« ^ cos. (^H-e) 
where g as before = 32 feet per second 
= 26° 

« = 39° the angle of emergence 

a =6 feet, the height of the tomb 

j3 = 3| feet, width of the tomb 

L =4 the modulus of dynamic adhesion 

between the bricks and mortar. 



_ 2x 32 X 4x10 '90 
^ "" 3x 3 X 36 ^ -43 
V = 23-22 feet per second, 
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or the velocity necessary to fracture the tomb from its base. Now as this has not 
occurred, the velocity must, at greatest, be not so high as this value. 

But again, we have in the case of the canopy, not mere- 
jec on can py. j^ ^ body upset^ but also one projected some distance. 

For the centre of gravity of the whole system had travelled horizontally 11*50 
feet from the position vertically beneath where it was when the structure wau 
just on the verge of falUng. Now, if the canopy had been gently lowered over 
on its side, so that no centrifugal force generated was sufficient to overcome the 
pressure due to gravity, it would have lain with its centre of gravity 3*60 feet 
short of this, or the distance from the point of revolution would have been equal 
to the height of the centre of gravity, plus half the diameter of a pillar, that is, 
7 feet 2 inches and 10 inches. This 'S\ feet extra throw must have been due either 
to one cause alone, or to two combined. It must either have been caused by the 
centrifugal force of the body revolving under the influence of gravity alone, or 
by the combined effects of it and the projecting force of the earthquake. If it 
had been due entirely to the first of these causes, we should have had the system 
springing away from the centre of revolution when the cosine of the angle 
through which it had turned was f , and not before. Now it is easy to see by noting 
the proportions of the parts shown in the elevation fig. 5, PI. II, and joining the 
necessary angles, that if the body had not left its point of revolution at an earlier 
period, the north edge of the canopy would have struck ihe upper part of the 
tomb over half its surface, causing a collision which would have left undoubt- 
ed traces. But it has not done so, or rather the south edge of the tomb has only 
just been grazed as represented in the figure. Consequently there must have 
been some other force in addition to that of gravity acting on the body, and so 
helping the centrifugal force due to gravity to project the body at an earlier 
moment. Also, since the upper surface of the tomb is 1 foot only below the 
canopy (when the latter is on the verge of falling), it must have been shot away 
before that vertical distance had been descended, though not much before, inas- 
much as the canopy did just grasse the tomb. We shall not be far wrong if we 
take it that the pressure on the ground was overcome by centrifugal force at the 
moment when the canopy had descended f foot. 

The centrifugal force due to gravity alone at that position would have been 
v^SgXl e 6*928 feet per second. 

And if we now calculate the velocity of the force for projecting the body the 
3| feet, and then subtract the previous rate, we shall arrive at the true velocity of the 
shock that it possessed over and above what was just sufficient to overturn the body. 
By the formula 

^ 2 cos" e (b — a tau e) 
where a »3i feet, the horizontal distance. 

|j«7^ ^ the height of the centre of gravity. 
e^Z&* the angle of emergence, 
we get V = 8'364 feet per second. 

Now, subtracting 6-928 for the reason assigned above we have— 

1*436 feet per second 
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as the projecting force which acted in addition to the overturning force. 

The latter we found previously to be 2560 feet per second, and therefore by 

adding we get 

8*996 feet per seeoDd 

as the velocity of the wave particle at Jamalpur 74 miles from the seismic 
vertical. 

It may be said that the smallness of the velocity, 1*436, just deduced, leaves 
very little room for fractional errors in the measurements which must always 
occur ; but when we consider that it is certain there must have been some projecr 
tion, certain, too, that it was only small, and when the conclusion here come to is 
corroborated by the next example, we have good grounds for thinking it correct. 
In the previous case of the tomb we had to deal with objects which were con- 
sidered as approximately rigid, or without any elasticity 
chi^ineyT "* ^ * ^^^ ^'^^ ^ taken into account ; but coming now to the 
consideration of the chimneys, we have to bear in mind 
the very important fact that high brick-work structures of this kind are 
extremely flexible, and are capable of swaying through many feet in a high wind 
without breaking. What we have in fact is the case of an inverted compound 
elastic pendulum oscillating about a fixed point. If in such a building the 
greatest velocity that can be acqnired by the centre of oscillation as it passes the 
vertical, during a maximum vibration, be greater than the velocity of the earth - 
wave shock in that direction, it is easy to see that the structure would not be 
forced to the limits of its flexibility and so would not be broken. If, again, they 
were about equal it would be a matter of uncertainty whether the chimney fell or 
not and in which direction it fell. But if the velocity of the shock were greater 
than the maximum velocity of the oscillation consistent with the elasticity of the 
chimney, the chimney would be broken in its weakest part during the first semi- 
phase, and the broken part would fall in the direction from which the shock 
came. In estimating, then, whether the velocity of any earthwave is sufficient to 
break a flexible structure such as a high chimney stalk, it is first necessary to 
know within what extremes the chimney can oscillate without breaking. For 
answering this question with rigid accuracy, many data respecting the modulus 
of elasticity of brick-work would be necessary, which are not at the present day 
determined satisfactorily. But there are other sources of information from 
observed oscillations pf chimneys acted on by wind storms, which may be of use.^ 
The Townsend chinmey, over 326 feet high, was struck by a gale of wind which 
bent it beyond recovery 7 feet 9 inches out of the perpendicular, so that its lengt)i 
of oscillation without breaking was 15 feet 6 inches at the top. It seems pro- 
bable, however, that if neglected it would have ultimately come down, for the 
deflection was observed to be increasing for some time whilst the workmen were 
straightening it. This chimney was more than twice the height of the null 
chimney at Serajganj, but another one at Messrs. Matthews and Son's Chemical 
Works, Pitchcombe, was 132 feet high, or only 3 feet less than that at Serajganj, 
and like it octagonal in section. It was observed, when tested in 1875, to be 3 feet 
10 inches out of the perpendicular, giving a range of oscillation without breaking 

1 See Sapplement to Spon's Dictionary of Engineering, page 356. 

G 
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of at least 7 feet 8 inclies, at the smnmit. If we take 10 feet as the limit of poBsible 
oscillation of the null chimney at Serajganj without breaking, we shall not be 
over-estimating it, since the Pitchcombe chimney was not so far gone relatively as 
the Townsend, and was easily straightened. 

But first, as in the case of the tomb, it is necessary to get at the radius and 
centre of oscillation in order that we may learn what is the simple pendulum 
whose time of vibration corresponds to that of the compound pendulum of the 
chimney. By dividing the chimney into suitable lengths, and deducing the 
varying masses of these lengths from their mean internal and external diameters 
respectively, we can get their several moments of mertia about the axis of oscil- 
lation, and by adding them together get the moment of inertia of the whole 
mass. 

This we find to be 407,414. 

Having got this, it is easy to dednce the radius of gyration, and the radius of 
oscillation. The latter we find to be 69^ feet from the base or nearly 70 feet. 
Thus the simple pendulum whose time of oscillation is the same as that of the 
chimney has a length of 70 feet. 

Now, by the formula, — 

where t =s the time of oscillation ; 1 = length of pendulum ; and g = the acceler- 
ating influence of gravity in one second, we have 

a 4'64i7 ieconds. 

Now, taking 10 feet as the range of oscillation of the summit of our chimney, we 
■j-^ have 5/ feet aa the length of oscillation of the simple pendulum, 70 feet high, 
which represents it. 

Then the greatest velocity attained during its maximum oscillation without 
breaking will be when it passes the vertical and will equal 

? V^ " T/v/1 -1-64 feet P^f^^ond nearly. 

Now an earth wave shock at an emergent angle of 60®, and with the above 
horizontally resolved velocity, would have a rate of 3'28 feet per second along tho 
normal, since sec. 60° =20 and would cause just this oscillation. Therefore 
the velocity of the wave particle must have been just a little higher than this, 
or about 3'3 feet per second; for if it had been greatly higher, the chimney 
would have broken during the first semiphase, and its fragments would have been 
precipitated in the direction from which the shock came, whereas their actual 
• position, as shown in fig. 2, PL I, declares that it was during the second semiphase 
that they were overthrown. 

It might be thought that in that semiphase one-half the velocity afore-men- 
tioned would have been sufficient, provided the period of oscillation of the 
chimney coincided with the period of vibration of the earth wave, but from the 
Blow oscillation necessary for such a high chimney, 4*647 seconds, it will be at 
once seen that such a coincidence is impossible. 
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Pnttmg together the eyidenoe for velocity, we have the lowest and highest 
limits fixed by the Jamalpnr tomb, 74 miles from the seismic vertical, at 2*56 and 
23'22 feet per second respectively ; and also a probable rate of nearly 4 feet per 
second deduced from the same data, whilst at Serajganj, 36 miles from the centre, 
we have corroborative evidence for a probable rate between 3 and 4 feet per 
second. 

Small as this rate sounds to the ear, there is abundant testimony brought 
forward by Mallet in his report on the Neapolitan earthquake to convince every- 
one that its effects on badly built or unstable dwellings may be immense. 

The data for obtaining this with accuracy are unfortunately wanting ; such as 
there are being scarcely reliable as approximately correct, 
■ion oflhe ^ve*""^" ^ Alipur Meteorological Observatory, Calcutta, the time 
of the shock was indeed fixed rigidly at 6 hours, 24 minutes, 
12*6 seconds, but from only two other places, namely, Dacca and Sibsagar, have 
times been forwarded. From Sibsagar Observatory a seismometer form was 
received partly filled up, stating that a very slight shock of earthquake occurred 
there lasting about half a second, but that no seismometer cylinders were over- 
thrown, and no damage done. The time given was 6 hours 48 minutes (local 
time), which corresponds to 6 hours 22 minutes Calcutta time. That is to say, 
the shock was feit 2 minutes earlier at Sibsagar than in Calcutta. Now allow- 
ing that the rate of transmission of the shock was twice as g^reat (and this is the 
most liberal allowanoe possible) through the rocky strata towards Sibsagar as 
through the clay to Alipur, we still have more than double the distance for the 
shock to have travelled in the former than in the latter case, so that at least the 
shock should have arrived some little time later at Sibsagar than at Alipur. 
Thus we must put aside the time evidence here as unsatisfactory. From Dacca, 
a letter from the Traffic Superintendent of the Dacca and Maimensing State 
Railway, gave the time as 6'22 at the '' last of the vibration " The time is tele- 
graphed daily from the Government Telegraph Office, Calcutta ; and was marked 
on the clock dial at the Dacca Railway Station accurately the day before. As 
Dacca is 35 miles, and Calcutta 158 miles from the seismic vertical they will be 
57 miles and 164 miles respectively from the focas, reckooing the latter at 45 
miles deep. Hence the difference in distance is 107 miles. This gives 53| miles 
a minute for the velocity of transit ; a result much too large, even if some fi*ac- 
tion of a minute be allowed for the vibration to have ceased at Dacca before the 
time was noticed. 

On the whole, then, we have no reliable data that can in any way advance our 
knowledge concerning the velocity with which an earth wave is propagated 
through the rocks. 

There seems to be no doubt that the forerunner of the destroying earthquake 

of the 14th July is to be found in the gentler, but still 

unocki?*^' ^' ^"** * violent shock, of the 25th June, which convulsed a great 

part of Bengal, and was felt in Calcutta and Darjiling ; 

whilst it is certain that the later small shocks and tremors have proceeded from 

about the same centre as that of the 14th. 
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These later ones happened on the following dates ; and, though doing no 
damage, they kept the population in a constant state of expectant alarm : — 



2l8t July a 


bout . 








. 6-40 P.M. 


22nd „ 


»t 








. 4-80 A.M. 


22ud „ 


yr . 








. 8-50 F.M. 


23rd „ 


»» 








. 8-30 A.M, 


23rd „ 


»f 








. 7-20 „ 


23rd „ 


*y 








. 10-40 ., 


86th „ 


»» • 








. 6-30 „ 


26th „ 


f» 








. »- „ 


26th „ 


»» 








. 1-30 P.M. 


4th August 


n '. t 






. 9-0 „ 


5th Septemhe 


r 1. .. 


. 






. 11-30 A.M. 



Connection with Kash' 
mir earthquake shoeks. 



On the 17th July at Murree a shock was felt, but this is no doubt rather to be 
relegated to the Kashmir set of earthquake shocks than to 
those of Bengal. And this brings us to the question 
whether there may be any connection between the two 
sets of earthquakes thus widely separated, or whether we are to look on them a^ 
due to causes working singly and unaided in their own localities. Doubtless 
there can be no definite answer to such a question, but it may be noticed that if 
we answer in the negative, if we put down their contemporaneity to mere chance, 
we tacitly admit that the causes of each are local, and by inference superficial. 
Hence we might find room in this case for the possible explanation ofEered by Mr; 
Medlicott in his preliminary notice of the earthquake, that the change in the 
course of the Brahmaputra and the consequent deposition of its yaat sediment in 
a different area might have so disarranged the balance of the earth's crust and so 
brought on a bending in the strata that might have culminated in a violent snap 
sufficient to produce the phenomena of the 14Ui. 

On the other handj if we take their near coincidence in time as a sign of their 
connection in reality, we must look for no local and superficial cause, no mere 
change of a drainage system to account for them« but we must search for some 
deeper cause underlying the very roots of the mountains, and sufficient, by throw* 
ing the whole of the northern parts of India into a state of strain, to bring on 
earthquake phenomena in those parts of the earth's surface less able to stand the 
stress or more intersected by lines of weakness. 

And in the same way if this relation be granted as probable, there seems no 
reason why the certainly marked increase of seismic and 
l8chir^^rai»toa.^^ ^ volcanic activity during the last year or so both in Europe 
and in some parts of Asia should not, in like manner, be due 
to some great underlying cause which, on a large scale, has been making itself felt 
here and there in weak places ; now in Italy> now in Spain* now in England, 
Germany, Switzerland and Austria, and other places in the Eastern Hemisphere. 
Nor would it, perhaps, be too much to look back to the Ischian earthquake and 
the eruption of Krakatoa in the summer of 1883, as perhaps the great forerunners 
of this consecutive series of siesmic and volcanic phenomena. 

In conclusion, I should mention that such observations as are recorded in 
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this paper are in a ^eat measure due to the assistance I received from the Govern- 
ment officers at Sherpur, Maimensing and Dacca ; and in an especial degree to 
the kindness and hospitality of several gentlemen residing at Serajganj, Suborn- 
kholi, and Maimansing, without which, in a district destitute of hotels or d&k- 
bungalows a cumbrous camp equipment would have been necessary. 



JBepor^ on the Kashmir Earthquake of 30th May 1885, by E. J. Jones, 
A.B.S.M., Geological Survey of India. 

Exaggerated reports. — The newspaper and other reports of this earthquake, 
at first, as is usual in all such cases, much exaggerated the importance of the 
event. 

Heavy loss of life. — ^But^ in spite of the comparative mildness of the shock, 
the loss of life was very great, being in round numbers about 3,000. The 
cause of this is to be looked for in the very insecure manner of building in 
vogue. This, at the same time, has necessarily prevented the possibility of many 
accurate observations being taken from the ruins. 

Style of huHding. — The greater number of the buildings may be divided into 
two classes: — 

(i) those situated in the hilly parts of the country ; 

(ii) those situated on the more level country, in the wide portion of the 
valley of the Jhelam. 

The first class are low structures, usually isolated, and frequently covering a 
large area of ground, being generally built upon a terrace on the side of a hil] 
with one side resting against the perpendicular face of the terrace above. These 
huts consist of walls built of rubble loosely held together with mud ; resting on 
these are a number of beams (roughly trimmed trunks of trees), which are also 
supported along their length by wooden posts ; upon the whole of this with the 
interposition of some cross pieces of wood, a layer of dry mud is laid, which is 
added to year by year and forms a flat roof. 

The second class are built either detached or several in a row ; they consist 
sometimes of as many as three stories. The materials used in their construction 
are very various, blocks of dried mud measuring 2 to 3 feet in length, breadth, 
and depth and made in moulds in situ ; sun-dried and burnt bricks held together 
with mud, or rarely in the case of the burnt bricks with mortar ; rubble stones 
held together with mud. It is also usual in these buildings to place at intervals 
of 2 to 4 feet horizontal lengths of wood, and occasionally vertical and inclined 
ones ; no attempt is made at bonding in these walls, and the mud between the 
bricks is about one-third the thickness of the bricks. Above this is placed 
a thatched gable-ended roof, into the composition of which heavy beams of 
roughly hewn timber enter very largely. The whole roof is supported on several 
square pillars of sun-dried bricks or other material carried above the walls and 
measuring 2 feet to 2 feet 6 inches along the side. 

It will be readily understood that such structures are not of a nature to suc- 
cessfully withstand earthquake shocks, even when not of any great degree of 
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iotensity. In a very considerable number of the oases in whiob huts were damaged , 
the supports of the roof had given way and allowed it to subside, frequently 
carrying the walls down with it and leaving only a mass of rubbish to indicate 
the spot where the house had stood. 

Scattered through the country there are, however, a few buildings of a more 
substantial character, some of which were more or less injured by the shock. 

Fatan. — This village is situated on the road from Baramula to Srinagar, and 
near it is an ancient Buddhist temple, of which a view is given in the annexed 
plate. The temple is vexy nearly cardinal (i.e., its four sides face nearly N-S. 
and E-W.), and is built of large trimmed blocks of limestone laid together without 
any cement. In each face there is an arched recess, and inside is a small open 
space about 10 feet square. From the western face three stones'have fallen from 
near the top of the arch. The greatest damage was done to the S. and E. faces, 
especially at the S.E. comer, the greater part of which fell. The long axis of an 
ellipse drawn around the fallen stones as they lie upon the ground runs E. 22^S.— W. 
22° N., which gives an approximate direction for the wave path at this point. 

Srinagar, — In the Sher Garhi (the Maharaja's palace) the long walls of the 
large dining-room run east — west, and the one on the south side, which is an 
outside wall, consists of a series of brick pillars 3 feet wide with openings 
between them 4 feet 6 inch across. Three of the pillars are cracked ; the two 
most decided cracks make angles of 27° and 37° respectively with the vertical, 
and are inclined towards the east. If we take the mean of these two, we obtain 
an angle of 32°, which, on the assumption that the fractures are formed at right 
angles to the line of shock, is equal to the angle of emergence of the shock. 

A high wall outside this room and facing to the west was partially overthrown 
in a westerly direction into the court-yard. These two observations point to a 
wave path at this point in an E.— W. direction ; and though the wall to some 
extent would have vibrated at right angles to its long axis and have fallen even 
under the influence of an oblique shock, yet the Assures in the pillars indicate pretty 
exactly the line of shock. 

At the Sangin Darw^zi, which is a gateway in the wall between the city and 
the Hariparbat fort, several stones have been thrown down from the top of the 
gateway in a more or less westerly direction, the only two whose original position 
I was able to discover had fallen to W. 1° N. and 12° N. ; if we take the mean of 
these two, we get W. 6° 30' N. as the direction from which the shock came. 
This gateway is built of brick with a facing of stone-work and looks towards 
W. 22^ S. ; on the eastern side of the arch a good deal of brick- work feU. 

In the Tashwan division t>f the city is a bath-house, which is cardinal, and 
built of brick and mortar. Both the east and west walls of this building have fallen 
outwards, carrying some of the arched roof with them, and the west wall carried 
a small portion of the south wall with it. This indicates an east-west direction 
for the wave path. 

Gondikalleh — At this small village, which is situated about half a mile to the 
west of Tregaon, near Shadipur, there was a small hut built of mud, the enda 
facing S.E. and NE. ; these ends both fell outwards, indicating a N.E.— S. W. 
direction for the wave path. 
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Mujigund — ^is on the left bank of the Jhelam, below Srinagar, nearly opposite 
Bakpnra. Here there was a long building forming a stable belonging to the 
Maharaja ; it was bnilt of brick and mad pillars at intervals of about 6 feet, the 
spaces between the pillars being filled up with unbumt bricks. The long axis of 
the building ran N.~S. The whole of the walls, with the exception of the 
one at the south end, fell. The fall is reported to have taken place towards the east, 
bat the debris had been removed in order to allow of its being rebuilt. This 
indicates a nearly E.— W. direction of shock. 

Kaosa. — This village is situated on both sides of a small stream near Magaon. 
On the left bank is a large three-storied house of bricks and mud built in 1884, 
surmounted by heavy wooden beams for supporting the roof, which at the time of 
the earthquake had not been put on ; these consisted of five cross beams resting on 
brick pillars and running N.W.— S.E., and one longitudinal ridge-pole above, 
running S.W.~N.B. The pillars on which these beams rested had been broken 
down, and the beams were lying on the floor of the attic; the longitudinal 
beam had moved 5 feet in a S.W. direction and 1 foot 8 inches towards N.W., 
the cross beams had moved in a N.W. direction 3 feet, and about 1 foot 6 inches 
to S.W. This would indicate a W.— E. direction of wave path. 

Mdgam (Magaon). — Here were three houses facing, respectively, N. 3^ W., N. 8* 
W., and N. 18^ W., the walls &cing in these directions had all suffered the same 
damage, viz., the mud which was used to fill up the intervals between the pillars 
of unbumt bricks had fallen outwards. If we take the mean of these three direc- 
tions, we obtain N. 9° W. as the direction from wbich the shock came. 

MalcaJiama (Harda Maka Nana), — At this place the walls of the mosque, 
which were built of bricks and mud, were uninjured ; but the pillars of brick-work 
above the walls, which were apparently intended to support the roof, though in 
this case they did not reach high enough, and the weight of the roof rested on 
wooden supports at the sides of the pillars, were damaged. The ends of the 
mosque face W. 17^ S. and E. 17^ N., the middle pillar at the west end fell out- 
wards and the three middle pillars on the north side also fell outwards and one 
pillar on the south side was tilted inwards. This indicates a shock about diagonal 
to the building or W. 28^ N.-E. 2SP S. 

Bopur. — The fort situated on the right bank of thu river at the end of the 
bridge was considerably damaged. The component materials were rubble, cement- 
ed partly with mortar and partly with mud. It was a square building with a 
tower at each corner, the towers being portions of octagonal pyramids built on to 
the comers which point N., S., E., and W., and in the middle of the S.W. 
side was a square gateway tower. Inside, on the ground, there were several 
cracks running N.E.— S.W. On the S.W. side the top of the gateway 
tower fell inwards ; the same occurred to the south and west comer towers ; on 
the SJE, wall a portion fell near the east tower in a S.E. direction, and the east 
tower fell entirely. Several portions of the N. W. wall, and a considerable portion 
of the N.E. wall fell. The roof of a small hut just outside the gate was thrown 
o£E to S. 13° E., bringing down the walls at the same time. All this indicates a 
shock from a direction somewhat to the east of south. 

Ohikar. — This is a fort situated above the Jhelam some distance to the south 
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in the neighbonrliood of Ghirhi ; it is built of rubble and mud, with hoiizontal 
wooden beams at intenrals of 2 feet and a mud plastering oyer the whole. The 
bnilding is sqnare, with portions of octagonal pyramids forming towers at the 
corners and in the middle of three of the sides; on the east side there is a sqnare 
gateway tower. A portion of the east comer of the S.E. tower fell down 
towards the east and a portion of the N.W. tower fell to the west. This gives 
an E.— W. direction for the shock at this point. 

FoBitioH of Ihe seismic vertical. — Tabulating the above we get — 
Patan — 

Temple K. 22« S.— W. 2S« N. 

Sbikaoab — 

eherOarhi E.— W. 

SAgin Darwftii W. 6* 30' N. 

Tashwan E.— W. 

Q0FDIKAI£BL*-> 

Smmll mod bat 8. W.— N. E. 

MOOJIOOOHD— 

Stable E.— W. 

Kaoba E.— W. 

Maoam (MAOAOif) N. 9** W.— S. 9* E. 

Makahaxa—CHasda Maka Nava) . W. 28* N.— B, 28* S. 

CHiKABFort E.— W. 

(SoPiTB Fort S., some degrees E.) 

Plotting these directions on the map, we find 17 intersections within a circle 
of 4 miles radius round a point quarter a mile S.W. of Jampur, 12 miles from 
Srinagar in a westerly direction from the northern end of the city ; and 21 intersec- 
tions within a radius of 10 miles round the same point. Considering the class 
of buildings from which the observations were necessarily taken, this gives as 
accurate a determination of the position immediately above the seismic focus as 
could be expected. This position agrees sufficiently well with the results obtained 
at Sopur, which were not plotted owing to the indefiniteness of the indications. 

Residency at Srinagar, — The walls of this building, which is situated on the 
right bank of the Jhelam to the east of the city, were fractured in such a way as 
to indicate a shock very nearly N.— S. This is possibly due to a reflection of the 
shock from the inlier of older rocks which lies to the east of the town ; but as 
the fractures were mostly old ones that had been plastered up previously, they 
are not of a nature to give satisfactory indications. 

Baramula. — ^At Baramula also everything tends to show that the shock was 
there N.— S., walls facing north and south being overthrown, and those facing east 
and west fractured. This also is probably due to a reflected wave from the hills 
to the north of Baramula. 

Depth of the seismic /octw.— We saw that at Srinagar the angle of emergence 
was 32^. Now the depth of the focus is obtained by the formula — 

d« r tnn. e 
where e = angle of emergence at any point, and r == distance of that point from 
the seismic vertical, we have therefore— 

d-12X tan. 82" 
dB7'5 milef 
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whioh in the absence of other data from which the depth might be calculated 
may be taken as an approximation to the mean depth of the seismic focus. 

MetEoseismal area. — The greatest damage has been done over an irregularly 
elliptical area, the long axis of which is 10 miles and the short axis 6 miles long, 
and the superficial area about 47 square miles, and nearly symmetrically disposed 

about the seismic vertical. Within this area, marked by a broken line ( ) 

on the maps, the destruction was very complete, whole villages being almost 
entirely destroyed and many lives lost. This corresponds to the meizoseismal area 
of Mallet. 

First isosetsmaL — The area outside this, correspending to Mallet's first isoseis- 
mal, includes the area within which large portions of villages and towns 
were thrown down and persons killed. This is included by a line passing east 
of Srinagar through Magaon south of Baramula and across the Jhelam near 
Gingal, then passing north of Sopur and roun^ again to the south of Srinagar. 
It includes an area of about 500 square miles. 

Second igoieismal, — Outside is again another area of about 3,000 square miles 
including those places from ^which slight damage to buildings, &c., is reported 
to have occurred, but it is probable that even within this area there was some 
loss of life. It is indicated on the map by the broken line passing north of Gurais, 
from thence it passes east of Titwal on the Kishenguuga river, west of Chikar, 
Bouth-westof Bagh, and south of Pdnch, at or near all of which some damage to 
buildings, chiefly forts, is reported. From Pdnch to Gurais there are no reports, 
and the true course of the line is uncertain. 

Third iioseismal, — This is a large area : including the places where the shock 
is reported to have been perceived by the unassisted senses, viz., Peshawar, 
Gilgit, Simla, Sabathu, Dalhousie, Lahore, &c. 

Outside the third isoseismal area is a larger area, the extent of which is quite 
unknown. It is that in which the shock might have been perceived by means of 
properly conjatru<3ted instruments. 

Bound a^ccompanying thesihock and preliminary tremors. — A sound, which is vari- 
ously described as resembling distant thunder, a discharge of artillery, and the 
noise caused by blasting operations, preceded the shock, and seems to have 
been noticed by many who were not asleep at the time ; but no preliminary 
tremors seem to have attracted attention. 

Transit velocity of the wave, — ISo observations of the time at which the 
shock was felt were made with any instruments sufficiently accurately adjusted 
as to give any reliable data for calculating the transit velocity. 

Velocity of the wave particle, — I was not able to find any objects overturned 
or projected in such a way as to give a measure of the velocity of the wave 
particle, but considering the class of buildings which have escaped, it cannot 
have been very great; for almost the whole of the buildings are either bad, 
ill-laid and ill- cemented masonry, or simply mud structures ; and we know that 
a horizontal velocity of 3 to 4 feet per second is sufficient to fracture such struc- 
tures.^ 

Landslips, — Several secondary effects of the earthquake were noticed. 
" The Neapolitan Earthquake of 1867, Mallet, Vol. 11, p. 846. 
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A large landalip occurred at Larri-dnr, a place abont 7 miles Booib of 
Baramula. This village was situated npon a hill lying N.W.— S.E., composed 
of slightly hardened Karewa ^ clays resting npon sandstone and dipping to N.£. 
at 6® to 10®. Aboye the clay is surface soil of varying thickness. The upper 
30 feet of clay and surface soil has slipped along to the dip, exposing a fresh 
smooth surface of clay. The line of parting ran along the length of the hill, 
and a fissure has been formed along this line varying in width from 30 feet at 
the S.E. end to about 500 yards at the N.W. end, and with a length of about 
half a mile. To the N.E. of the narrow end of the fissure another slip has taken 
place from the side of the hill. The mass of clay and surface soil that has slipped 
ii3 all piled up to N.E. of the hill in the little valley situated there, and all the 
huts that lay in its path were of course buried. 

The slip was probably due to the presence of water in the clay, which must 
have accumulated alcmg the plane of bedding, thus producing a soft water-satu* 
rated stratum over which the upper mass would readily slide. With the upper 
mass thus situated, floating as it were on a layer of slime, a slight shock might 
be quite sufficient to fracture it and cause it to slide by reason of its own inertia. 

Fissures and sand craters. — In many places, as at Patau, Dubgaon (at the 
junction of the Jhelom and Pohra rivers), along the banks of the river at and 
above Baramula, numerous fissures were formed in the alluvial soil, of no great 
width (nono exceeding a yard across) and all running roughly parallel to river 
banks or else across the slope of hills. 

In the neighbourhood of many of these fissures water and fine sand were thra?ni 
out, and the villagers stated that there was a strong sulphureous smell given off 
from the sand for several days. This smell was probably due to sulphuretted 
hydroiren gas (S. H.^) produced by the slow decomposition of the strings of 
veprctable matter imbedded in the alluvial soiL In one case atNila, near Patau, 
I saw an inflammable gas without odour being slowly evolved. This was probably 
marsh gas (C. H 4) or one of its homologues, produced in the saihe manner. 

Effect on «pWn^«.-*8everal springs were affected by the earthquake, the flow 
of water being increased for peripds of time ranging from a few hours to a£ many 
as ei^ht days. 

The country occupied by the meizoeeismal area is entirely composed of recent 
alluvinm, and that within the first isoseismal line is almost entirely of the same 
character, tho Karewa beds (pleistocene alluvium) coming into the N.W. 
of the area in the neighbourhood of Baramula, and down the river below 
Baramula the alluvial deposits are underlaid at a short depth by the more in^ 
duratcd rocks of the Panjal system, which also appear to the east of Srinagar. 

Subsequent shocks. -^The slight shocks subsequent to the greatr one continned 
at intervals up to as late as August 16th, on which date there was a shock at 
about 7 A.M., since that time I have seen no reports, though the shocks probably 
continued to a much later date. 

Desirability of erecting seismometers.'^lii a conntiy like Kashmir, subject aa 
it is to earthquake shocks at frequently recurring intervals, it would be highly 
desirable, especially in the absence of buildings suitable for seismological observa- 

^ Old laouBtrine or fluyiatile deponts now eroded into plateaus and terraces. 
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tions^ to have at one or more stations seismometers erected, and should this for 
any reason be found impossible, it might still be practicable to erect at several 
points masonry pillars surrounded by a rough wooden fence and placed in 
charge of the headmen of the villages if necessary, which, if overthrown or 
fractured by a^ earthquake shock, would to a great extent supply the place of 
ordinary seismometers. 

In conclusion, I would thank Colonel Sir O. St. John, K.C S.I., B.E., the 
officer on special duty in Kashmir, and all the officials of His Highness the late 
Maharaja of Kashmir and Jamu with whom I came in contact, for the assistance 
rendered me during my stay in Kashmir and without which it would have been 
almost impossible to carry on the investigations. 



Notes on the results of Mr. H. B. Footb's further excavations in the Billa Surgam 
Caves, hy B. Brucb FooT£> F.G.S., 8upertntendetU, Qeological Survey of 
India. 

The further exploration of the Billa Surgam bone caves during the season 
1884-85, by Lieutenant Foote, B.A., have been rewarded with a rich collection of 
fossil bones, together with many traces of the contemporaneous existence of man in 
the form of rather rude bone implements and other cut bones of great interest. 

Lieutenant Foote resumed work at Billa Surgam in December last, and conti- 
nued at it till the end of May. Previous to his return to military duty, he spent a 
few days with me, assisting me in unpacking the collections he had made, and 
explaining various points connected with his work. He subsequently drew up 
an interesting report of the work effected, much of which will be quoted fur- 
ther on. 

With reference to the condition in which he found the caves on his return in 
December (1884), he reported : " I found everything just as I had left it at the 
end of May previous. The north-east monsoon having failed, the spoil banks 
were untouched, so I could not judge whether the stream which flows through the 
caves in wet weather is of any size." 

*' On first re-commencing operations, I determined to finish off the layer C c 
in the south comer of the Cathedral cave, and also the 
wo?wLpawQi^*.''^ ^* remaining cave earth in the Chamel House before pro- 
ceeding to excavate over the whole area of the Cathedral." 

" When the Chamel House cave was finished, as I had as many men at work 
in the Cathedral as 1 cared to have, I set the Chamel House gang to dig in the 
small cave which opens into Chapter House on the side. The results obtained 
will be given further on. *' 

Mr. Henry Foote further examined, at my special request, the little grass-grown 

patch — " the garden" — on the cliffs above the north Chapel 

cave, as it seemed a very likely place to have been resorted 

to by possible cave dwellers as a strong terrace well suited for cooking and foi* 

basking, and whence they could keep a good look-out against sudden attacks from 

enemies. The little terrace was completely dug over down to the rock, bu« 
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Further excavations in 
the Cathedral. 



yielded nothing of interest. No fnrther excavation was attempted in the Purga- 
tory cave. 

The second series of excavations made in the Cathedral cave was mncli less 
easy to effect than the first, as he had to contend with 
great masses of hard stalagmite, mnch of which had to be 
blasted, while the rest was broken np with cold chiflels. 
The excavation of the whole area of the Cathedral cave was effected to a 
depth of 16 feet, and in the sonthem comer a wide shaft 

paES.':7d tLl^"' ^»« ««»t t« » ^''^^ depth of 21 feet, making a total of 
37 feet from the original surface. The sinking of this 
shaft revealed the existence of a passage opening from the south. This passage, 
to which the name of the " Corridor " was given, was followed up, and at a dis- 
tance of 55 feet southward of its mouth was found to lead into another larger 
passage running east and west. 

On the south side of this east and west passage, and opposite to the mouth 
of the Corridor, another passage was found running south 
apparently, but for want of time not excavated. 
The east and west passage formed a domed chamber, measuring, before the 
excavation of its floor was commenced, 25 feet by 12 feet^ 
with a height of 10 feet in the centre. A large fine stalactite 
hung from the centre, and below it was a large mass of stalagmite, the off-flow of 
calcif erous water, from which had formed a stalagmite crust from ^ to 1 inch 
thick over the floor of the chamber. At the eastern extremity of the chamber 
the roof of the cave sloped down to about 2 feet from the floor, and here occurred 
'* a perfect forest of most beautiful little stalactites, some forming delicate little 
pillars, others branching off into tree-like forms as ramified as the most elaborate 
corals." To this chamber Lieutenant Foote gave the name of the " Faiiy Cham* 
ber " after the beautiful little cave at Caldy, in Pembrokeshire, so graphically 
described by Professor Boyd Dawkins in " Cave-hunting." The western end of 
the " Fairy Chamber " was filled with cave earth, which proved very rich in good 
specimens, as did also that in the " Corridor." The atmosphere in the Faiiy 
Chamber was extremely close and steamy, and it was impossible to be in it for 
many seconds without being bathed in perspiration. 

The series of beds exposed during the excavation of the Cathedral cave 
is given below in tabular form. The several layers in 
which the thicker beds were taken out, and the marks 
with which their fossil contents were registered, are also 
shown :^ 



The Corridor. 



The Fairy Chamber. 



Section of beds in the 
Cathedral. 



9- Sarface, or bat's dang, bed . 

8. Grey sandy bed, with some bat's dang 

7. Stalagmite in irregular masses 

6. Red »mdy cave earth . 

C excavated in . 
6. Stiff red clay . < tbree layers of 
(3' each. 

4. Stiff dark marl .... 



Average 


thickness 


. 3' 


C 








. 3' 


C a V 








. 8' 


C,. d) 








. 3' 
. 8' 
. 8' 


!::?!«' 








. 8' 
. 8* 
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8. Dark loamy marl 

2. Qrey marl .... 

1. Grey marl .... 



Ch 


. S' 


kl]" 


. 3' 
. 8' 


tA]" 


. 3' 



Of the above formations everything down to the base of 6 (C d) was entirely 
removed, and the underlying formations were exposed in a wide shaft sunk in the 
south corner of the cave (to a depth of 37 feet from the surface) ; the average thick- 
ness of the mass removed over the whole area of the cave was 16 feet. The beds 
showed a general low dip north-westward. 

With reference to the surface (bat's dung) bed, Lieutenant Foote states: 

'* This bed varied very much in thickness, being 4 feet thick 

behind the high altar and only 1 foot thick on the north 

front of the cave, but it increased ag^in on the south front, until behind some of 

the stalagmite masses in front of the high altar it attained a thickness of 6 feet. 

There were many small bones in it, most of which had lost their gelatine." 

Of the upper bed of grey sandy cave earth (0,), he remarks it " is much infil- 
trated in places with colouring matter, and at the top a 
good deal mixed with bat's dung — in fact to the presence 
of the latter I attribute the grey colour of the earth, which would otherwise 
have been nearly white from calcareous infiltration. The stratification was 
" very indistinct. There were very few large bones found, but plenty of small 
ones, which had all lost their gelatine but were not mineralized." 

** Before excavating the next layer (C a), I had to remove the barrier of stalag- 
. . mite across the cave ; the softer blocks I broke up with 

^™ ' cold chisels, but the great majority had to be blasted ; 

and in all I removed some 50 tons of rock." 

*' C a, as I termed the next layer of earth, was a red sandy bed about one yard 

thick, but in the front of the cave it was considerably 

^ thicker in places owing to the stream (flowing from the 

back of the cave) having scooped out channels in the underlying red clay which 

were filled up with the sandy bed." 

" This bed partly underlies the high altar, and also contains a good many 
blocks of limestone — in fact in front of the altar it was entirely replaced by the 
basement blocks of the stalagmite barrier which here formed a regular floor. 
Many of these blocks of stalagmite are in situ, and as they are of large size, 
(some being 4 or 5 feet high), the underlying cave earth (G b) must be of great 
age, as, owing to the very dense nature of the greater part of these blocks, they 
must have been formed slovvly." 

Referring to the red clay bedfc oj , Lieutenant Foote writes: — "Another 

1^ fact which points to the great age of this clay bed is that 

Bed C c. its surface is cevered with a regular pavement of fallen 

^' blocks of limestone ; and as most of them are small, they 

would seem to be rather the result of the slow breaking up of the roof owing to 
weathering than of any sudden distarbance of the rock by earthquakes. 
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Tlie layer G c of the red clay was found to be very rich in teeth in places, but 
very poor in front of the high altar. Like the overlying 
"^ ^l&yer, this becomes mnch more sandy as it goes back 

behind the high altar ; and as it becomes more sandy^ so are the large bones and 
teeth replaced by small ones. With regard to these beds being rich in some 
parts in small bones, which are almost entirely absent from them in other parts, 
I would suggest that it is most likely owing to the bed being higher behind 
the high altar than elsewhere, it might therefore hare been high and dry there 
when the other parts were under water, and consequently it would have been 
chosen as a resting-place by the owls, dco,y which came to .make their castings in 
the cave. 

The surface of the underlying dark marl bed ^G ^ was found to have been 

scooped out by stream action to a depth of some 2 to 2^ feet ; and where this had 
been the case, the overlying red clay was by so much the thicker than elsewhere. 
The excavation of G d brought to light the mouth of the Gorridor passage leading 
southward into the Fairy Ghamber, into both of which the red clay extended and 
maintained its character for richness in fossil remains. 

G d yielded nearly all the important large bones found, and, excepting G b, 
was richest in small bones as well. Of cut bones G d yielded nearly twice as 
many as all the other beds together. 

The several beds penetrated by the shaft sunk by Lieutenant Foote after 
clearing out the whole of G d and all above it, were of much less interest than the 
red clay above them, from the fact that they yielded but few good bones and 
teeth, most of the tolerably numerous fossils being fragmentary. 

In this respect the lower half of the dark marl bed 

Bed C £ (G I) was better than the upper, which contained little 

but fragments of teeth, many being parts of molars of 

Rhinoceros. 

Bed Ch. 

genera of birds. 



1. 



Bedi 



The underlying dark loamy bed Gh was fairly rich 
in small bones, amongst which many belonging to different 

Of the remaining beds, G i and G j became increasingly 

C V poor in bones, while G k and G 1 are, to all intents and 

^Q k. purposes, sterile, so much so that Lieutenant Foote does not 

consider them worthy of further exploration. 

In the front portion of the Ghamel House cave, where Lieutenant Foote had in 

his first exploration reached a depth of 27J feet, he descended through 8 feet of 

stiff grey marl to the bottom of the cave at a total depth of 35| feet from the 

ordinal surface. No bones were found in this grey marl. 

At the eastern or inner extremity of the Ghamel House the passage widened out 
somewhat as followed eastward, and at the crossing of two master- joints in the 
?ime8tone formed a star-shaped well (in plan), from which 18 feet of stiff red-clayey 
earth had been removed. At a depth of 27 feet the passage widened out in the 
cross joint and oould have been entirely cleared ; but as this would have involved 
costly timbering to shore up the sides, and the cave earth was very sterile^ Lieute- 
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nant Foote jndged it wiser simply to sink a pit in the centre of ihecave, which was 
from 5 to 6 feet wide. The sinking was effected in depths of a yard each till a depth 
of 58 feet 6 inches was reached when the passage contracted suddenly from 
5 feet to 6 inches and coold be followed no farther. 

The results obtained by the ezcavation of the little cave on the south side of 
the Chapter House were small, the only point of real interest was that of a large 
human molar in a bed of red caye earth about 4s feet below the surface, the only 
human bone found anywhere ui the true cave earth. The red cave earth was oyer- 
laid by black gravel from 1 to 1^ foot thick. 

A remarkable fact, not easy of explanation, is the almost total absence of the 

AiMen f druii skulls of the auimals whose bones are met with in the 

caves. With the exception of two or three tolerably per- 
fect skulls of bats which live in the cave, no entire crania or large fragments of 
crania were found, though many mandibles or rami of mandibles with or without 
their teeth were met with, from those of Rhinoceros down to tiiose of minute shrews 
and rodents, &c. Teeth of many genera, especially nuninant and rodent, were 
obtained in considerable numbers, and mostly in excellent preservation. 

A fairly large number of genera not found during the first exploration have 
now to be added to the preliminary list of the cave &una> especially among 
minute mammals, birds, and reptiles. 

The working out of the remains obtained at Billa Surgam will furnish 
materials for a very valuable chapter on the prehistoric fauna of South India, 
though the anthropological results so far obtained are rather disappointing from 
their negative character. 

The following is a tentative preliminary list of the fauna of Billa Surgam, in- 
cluding some additional forms not found in the first oolleo- 
^^^^^^ lilt of ^^^ jj^^ rpj^gg^ j^^^^ ^ asterisk prefixed to their 
names. 

MAMMALIA 

Presbytis (Semnopitheciu) priaimu f 

MacacnsP sp. 

Chtropterft, several 

Sorez 8p., tmall. 

TupaiaP sp., small. 

UrsnsP sp. 

Felis tigrts. 

Do pardoB f 

Do. sp., mediam sited. 

Do. sp^ small. 
YiTerra zibetha f 

• ParadoxarasP 
Herpestes grisem t 
Canis ip. 
SciarosP 

^ Mus sp. 

* Kesokia sp. 
Hystrix lencnros. 
LepQSSp. 
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Rliinoceros sp. ? jayanieiu. A possible s«<xmd (smaller) species is suggested by differ^ce 
in size and shape of posterior upper molars. 

• Equus sp., large. 

Bo. sp. ? small. 
Sus indicus. 
Busa aristotelis. 
Axis maculatns. 

• Ceryolos aureus ? 
Meminma. 
Antilope bezoartica P 

• Qazella bennettii ? 
Portaz pictus. 
Capra? 

Ovis? 
Bos sp. 
GavsBus ? 

• Manis pentadactyla. 

AVE8. 

Genera belonging to the orders Grsllatores, * Basores^ 

• Scansores P, * Insessores, and Baptores. 

BEPTILIA. 
Crocodilus sp. 
Yaranus dracssna. 
AgamaP 
LacerUP 

• Ophidia, several sp. • 

• Bmys sp. 

• Phelone sp. 

Bana sp., small. 
Ditto sp., very large. 
BufoP 

In tbeir mode of occurrence, thebonesi, <fec., collected during Lieutenant Foote's 
second season presented the same features as those of the first. Most of the 
bones and teeth occurred detached, and many of them had been cut or broken 
before being entombed in the several caves. Of the few large bones found, the 
most important belong to the genera Rhinoceros, Bos, and Equus. 

Of the larger teeth collected, there are a fair series of Rhinoceros and Equus. 
Of bovine ruminants, of Sus and Hystrix many teeth were collected. Very large 
quantities of small bones left in the caves by birds of prey making their castings- 
were found in almost all the layers of cave earth removed, as was the case in the 
earlier excavations. 

As before, no traces were found of the continued residence of man or of large 
No signs of continued carnivora in any of the caves. No cooking-places of any 
residence of man or large size were found, though here and there scraps of charcoal 
animals. ^j. ^ little ashes occurred, nor was any pottery met with in 

any of the lower lying beds. Only very few calcined or charred bones were found, 
and they were in the superficial deposits of the Cathedral and Purgatory. 

As in the Chamel House the bones found in the Cathedral were washed in 
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from bekiiid tfarougli pasdagea oomnmnicaiing with the snrfaoe of the plateau 
above, and the main stream flowing through the bodj of the Cathedral cafiOn 
seems to hare deposited otalj barrel strata of sandy and stony character. 

Of tiie streams which filled the Cathedral, one flowed in from the east, enter, 
ing the apse close to the north side of the high altar, the other entered from the" 
sonth through the Corridor. It is not improbable that another passage enter- 
ed the apse of the Cathedral from the south-east, bnt is now hidden bj the great 
stalagmitic mass of the high altar. 

Of the cut bones a considerable number are so shaped as to necessitate the- 

conclusion that they were fashioned for e^>ecial purposes ; 

ne imp e en . others, and they are much more numerous, though often. 

elaborately cut, are so vaguely shaped that it is hard to oonceiye their having been 

prepared for any definite abject ; they rather suggest the idea that their fashioners 

were simply amusing themselves as they whittled them». 

Besides these trimmed bones most of the large bones found, and many of the 

„ . . i^ . . smaller ones as well, show signs of man's airency in havinfir 

NondeBcript cat bonet^ , . _ \ , i.? . ^^ J e 

been cut and scraped, and often to a great extent. 

All the large bonea had been set aside and registered al^ they were exhumed 
in the caves, also a large number of smaller bones and teeth ; but a more careful 
examination of the numerous parcels of small bones brought from Billa Surgamy 
which examination could not be undertaken on the spot, has yielded many hun- 
dreds more of important bones and teeth and cut bones of medium and small stses. 
There can be no doubt, however, that yet many more will reward the exhaustive 
examination, to which they will have to be submitted by the pal-osteologist, by 
whom the whole series of ' finds ' is to be worked out finally. 

A census of the selected and registered specimens shows them to number 

4,700 in round numbers, of which 3,000 are bones or teeth 

..S™^'.'''^^*^**'^ »nd the rest cut and trimmed bones. Of these latter 

some 200 may be considered to represent real implement 

prepared with a defiiiite purpose. Of the remainder it is hard to toy with what 

object they were trimmed into the shapes they now show. 

None of the implements with which the cuttings were effected were met with 

Cuttings pi^bably ^^ *^® caves, but from the peculiarity of the cat surfaces 
effected with stone itn- which are very scratchy, not clean and smooth, it is difficult 
plements. ^ resist the inference that the implements used were not 

made of metal but of stone. The cuts show that the implements were ased much 
more with a sawing or heavy scraping action than with a chopping one. Kene of 
^e bones, so far as I h&re examined them, show the splitting off of ehips beyond 
the cut which invariably accompanies the action of heavy metal imrplements. 

Bones showing the marks of teeth of camivora are not very numerous, 
nor do many show the grooved markings made by the teeth of rats and other 
rodents. 

As stated above, no stone implements were found, though Lieutenant Foote, 
who is quite familiar with such antiquities, devoted very 
fomd!^^^ implements gpecial attention to the search for them and examined per- 
sonally many thousands of stones turned up during the 

I 
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excayatioDB, besides exhibiting typical implements both palsolitbic and neolithic 
to his diggers. One possible implement may be admitted in the shape of a tiny tri. 
angular flake of transparent qnartz fonnd by Lieutenant Foote daring his first 
season at the cares. Such flakes have unquestionably been converted into drills 
by neolithic and other peoples. 

Among the worked bones shaped for specific purposes, 
plemeuts. ' ° "* *™' *^® following foims appear to be recognieable : — 

AwIb. 

Arrow heads, nnbarbed. 

Ditto with one barb. 

Spear or harpoon heads, small. 
Dagger. 
Scriiper knives. 
Scrapers. 
Chisels. 
Gonge. 
Wedges. 
Axe heads. 

Sockets, doable, Isrge and small. 
Ditto, single. 

The most remarkable of these implements is the gouge, already described in 
my second paper on the caves, and the dagger which is made of the calcaneum 
of some large (ruminant ?) animal. The calc^neum proper is the handle, and 
the narrow blade of the implement is cut out of the united fibula and tibia. It 
would be a formidable weapon in the hand of a strong man. 

None of the supposed arrow or harpoon heads show more than one barb, which 
appears always to be basal, but a number of them are rudely waved as if antici- 
pating the Malay Kriss. The supposed whistle is a digital bone, apparently 
of an antelope, of which the distal end has been cut off. It is not an effective 
whistle, and might very possibly have been intended as a handle to some small 
boring implement. 

' These cut bones are being sent to Europe together with the other cave trea- 
sures, as no collections of prehistoric bone implements exist in India with which 
to compare them. 

A single cylindrical bead fairly well shaped, made of some dark brown material 
(possibly bone), was found in the upper layer of cave earth C in the Cathedral 
cave ; it was associated with numerous bones but no other articles of human work- 
ship. The perforation of the bead is well drilled, and the aperture at each end 
slightly enlarged by the use of a larger sized drill. 

It IS impossible to describe these implements more fully unless they wei'e 
figured, which I trust they will be in the full memoir to be di-awn up about the 
Kumool caves. 

As to further explorations of the Billa Surgam caves, I think the excavations 

should certainly be continued so far as to remove the re- 

expiSn!'*^''' ^""^^^ mainder of the red clay C d from the Corridor and Faiiy 

\^ . Chamber. Further exploration of the Billa Surgam and 
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other cayes should be carried out by a prehistoric Archaeological Survey Depart- 
menty for which there is a very large field of work in the south of India. 

Several other oaves being known by report in other parts of the Kumool 

_ , . .^ ^ District, of which it was desirable to have some positive 

Other caves visited. 

information, Lieutenant Foote and I devoted the Christ- 
mas week (1884) to visiting them. The following caves were seen by us : — 

1. A group of small caves lying 3 miles north of Billa Surgam, and known as 
the Boganpalli caves. 

2. Two small caves lying south-west of Owk, in the south-western part of Koil- 
kuntla Taluq. 

3. A little cave in the centre of the village of Billam, in Banaganpalli State, 
and exposed at the bottom of a well. 

4. A large and important cave about a mile south-west of Billam village. 

5. A deep well-like chasm into which a long flight of steps descends to the 
sacred spring of " Nela Billam,'* about 6 miles north-east of Tarpatri. The two 
Owk caves, the little Billam cave, and the " Nela Billam " cave, are full of water 
in their lower pa.s8ages as far as we could explore ; but the great Billam cave is in 
wet weather a subterranean water-course traversed by a furious torrent. 

Two other caves west of Gorlogunta, near Billa Surgam, were visited by Lieu- 
tenant Foote early in 1884. Of all these caves the Boganpalli group alone seems 
to promise good results to future explorers. 

In conclusion I would remark that Lieutenant Foote carried out his work with 
great zeal and tact, and no little devotion to duty, for he was working in a deso- 
late out-of-the-way valley out of reach of civilisation and all society. For, except- 
ing myself for a few days, he saw no European for months together, which is no 
small trial to a young man fresh from all the gaiety and life of Bombay. 

Besides the excavation work Lieutenant Foote took a number of very success- 
f al photographs of the BilUa Surgam and other caves which he had not been 
able to do with the large wet-plate camera lent him by Government during his 
first season. 



On the mineral hitherto known as Nepaulite, hy F. R. Mallet, Superintendent^ 

Qeological Survey of India. 

In 1853 a rather large collection of rocks and minerals from Nep&l was 
presented by General Jung Bah&dur to the Asiatic Society of BengfJ. The 
greater part of these were found by Mr. H. Piddington, Curator of the Society's 
Museum of Economic Geology, to be of no value, but one ore attracted his atten- 
tion as being unfamiliar, and was subjected by him to examination and analysis.^ 
The mineral was said to have been found in considerable quantities not ' far from 
lOiatmandu, and, being easily fusible, to have been used for casting into cannon 
balls, which, however, flew to pieces on being fired. Mr. Piddington described 
the mineral as a carbonatq, mainly of bismuth, copper and iron, and pronouncing 

* Jour. As. Soc. Bengal, VoL XXIII, p. 170. 
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it to be a new species, gave it the name of ' Nepanlite/ from the coaaiTy whence 
it had been sent. The analysis given by kim is as follows :-* 

Ketallle 

about 

8nlpbur 160 

Saex * . . . 860 

CarbouatQ of Protoxide pf Bismuth . . . . • 84'80 24*6 

Carbonate of Copper 22*96 U-40 

Per-CarbonateoflroQ 2564 9*2^ 

Ox : Cerinm 9*40 

LaDtbanam? 2-80 

100-78 
Also traces of silver. 

Mr. Piddington described the mineral as having a metallic lustre. " In external 
appearance it resembles ezceedioglj some of the varieties of grannlar and massive 
plumbago, or antimonial ores, which, at a first glance, and where the quartz 
matrix has no blue fitain, it might well be mistaken for. The fresh fracture is of 
course somewhat brighter and more steely than the old surface, which like that 
of the plumbago ores is of a duller black, though always with a good metallic 
<glance.*' But he makes no allusion to the remarkable peculiarity that ' Nepaulite ' 
differed in this respect from all previously known native carbonates, the lustre of 
which is, without exception, non-metallic. This fact was in itself sufficient to cause 
«ome suspicion as to the correctness of the analysis given. 

In 1866 the geological and mineralogical collections of the Society were 
iianded over to Government, and in 1876 were transferred to the Geological Mu- 
seum. During the arrangement of our economic collections I submitted the 
specimens in question to an examination, which, though very partial, was sufficient 
to prove that the ore contained a large proportion of sulphur, and also of antimony, 
and that the analysis quoted above could not possibly be correct. It is, however, 
only recently that I have been able to examine the substance more completely. 

The mineral has a metallic lustre, iron-black colour, and dark brown streak 
slightly tinged with red. It is uncrystallised, and occurs irregularly through a 
somewhat translucent quarts-rock, which has a granular structure, with apparent 
traces of foliation, suggestive of its being a metamorphic quartzite rather than a true 
yein-stone. Azurite, malachite, melaoonite, oervantite, smithsonite, ochre, calcite, 
^c, occtpr in association with the sulphide ore, most of them being probably results 
of its alteration. The sulphide is so mixed up with the gangue that it was only by 
laborious picking that enough could be separated for an analysis, which gave — 

Svlphor 2112 

iLDtiiiioiiy 2517 

iUiemo 1*82 

Copper 38-69 

Silver traces 

Ijead •«....•.... -30 

Iron 5-33 

Zinc 2-44 

{Caleiam caibonata 1*07 

Magnesium «• *13 

Instiloble gangoe *68 

OxygjBo, earbonio aeid, water & loss . . . ^ . . 8*7S 

lOOHX) 
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The oxygen, carbonic acid, and water are dae to malachite, azurite, and mela- 
conite, from which the sulphide ore conld not be wholly freed. Cervantite was also 
not improbably present in small quantity, althongh, like the calcium carbonate, not 
visible to the eye. The number of minerals of apparently secondary origin in 
association with the sulphide, and the somewhat large proportion in which they 
occur, seem to indicate that the specimens were obtained from near the surface. 
Hence it is not unnatural that the sulphide should be in a somewhat altered condi- 
tion. As an indication of the exact composition of the fresh and unchanged 
mineral, the analysis is therefore unsatisfactory, but it suf&ces to show beyond all 
doubt that the mineral is tetrahedrite of a common type. The above figures 
correspond to the formula B^ (Sb As)) S^ = R^} (Sb As))^ S^, the excess of metals 
over the proportion required for the formula R4 (Sb As)) S7 being certainly in 
part, and probably wholly, due to the occurrence of some of them partly in an 
oxidised state, owing to the alteration of the mineral just alluded to. 

Considering the wide discrepancy between the preceding two analyses, the idea 
may perhaps suggest itself that they refer to altogether different specimens. But 
those which I examined were handed over to Government direct from the Asiatic 
Society's Museum; they agree in their general outward appearance with the descrip. 
tion g^ven by the author quoted, and when they came into our possession the 
word * NepauHte ' was found marked upon them in oil paint. 



Notice of the Sabetmahet Meteorite, by H. B. MaDLiQOTT, Oeological Survey of 

India, 
Sabetmahet is a small village in the Gonda district of Oudh, close to Muthura- 
ghat on the Rapti, about 11 miles north-west of Balrampur, approximately at 
82** 7' B. Long, and 27«»-35' N. Lat. The fall occurred on the evening of the 
16th of August 1885. The stone is an average oligo-siderolite, t.e., having but a 
moderate admixture of meteoric iron, and so, under the circumstances explained 
in the following extracts of correspondence, there was no occasion to press the 
claim for suiTcnder. The weight of the whole stone is given as 29)s. 13*77 
ounces (1297*04 granmies). A very small portion was sent as a sample — 

Larger piece 1*62 grammea. 

Smaller piece *52 „ 

Minute frag^ent<>, aggregiitiag • • . . . '80 „ ' 

Total 2-84 grammes. 

The record is only worth publishing to illustrate what honour meteorites 
receive among our " Aryan brothers " of the period in Hindustan. The story 
moreover exemplifies a universal evil — the influence of priests and through them 
of women in dragging men to superstition : yet. 
Das Ewig-Weibliche 
Zieht uns hinan. 
Extract of a letter from the Deputy Gommmioner of Qonda, dated Sth September 

1885. 
" The stone was brought in from Balrampur piously wrapped in a cloth and 
carried by Brahmans. It was decked with flowers and it had been daily smeared 
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all over with gliee [clarified butter] which made the smooth exterior look quite 
the colour of iron, and it had been subjected to frequent puja [ceremonial 
worship] and coatings of sandal wood powder, which latter I carefully washed off. 
The villagers, where it fell, had started a subscription to build a shewala over 
the aerolite, which was looked upon as a Mahadeo, and the Maharani with her 
accustomed liberality had promised money assistance for the construction of the 
shrine. •••••# 

" In the present instance I can very clearly see that to take this aerolite from 
the superstitious villagers who have obtained possession, and who have been for 
days doing puja to it, would cause to them the most profound disappointment 
and sorrow. I believe, too, the Maharani on whose estate it fell having evinced 
her superstitious sympathy by giving a money subscription would with the 
people feel hurt if the aerolite were appropriated by the Government." 

Extract from the evidence of the man who saw the stone fall nnd dug it out ; attested 
hy the Deyuty Gommissioner, dated 3rd September 1885. 
" On Sunday, at a quarter after 5 p.m., I made over the stone to Gur Purshad 
Goria and went home. It was of a kunkur colour ud to that time [no doubt 
from adhering clay]. Next morning people assembled, and Mahesh Pandit also 
came. Gur Purshad washed the stone ; the Pandit then said that he (Gur Purshad) 
ought to worship it. A terrace was then made at the same place where the stone 
had fallen, and it was put on it. On Monday morning when I saw it, it was of a 
kunkur colour. The more it waa worshipped the more it became black." 



ADDITIONS TO THE MUSEUM. 

Fbom 1st Jolt to 30th Sbftbmbeb 1885. 

Vive specimens of Eozoon Canadense, from Sir William Dawson, Montreal. 

Pbssbmted by H. £. thb Countess of DuPFSBiir. 
A sample of fire clay from Mangrup, Meyv^ar, Rajpntana. 

Pbbsbnteo by Colonbl 0. K. M. Waltbb, Rbsidbnt, Mbtwab. 



ADDITIONS TO THE LIBRARY. 

Fbom 1st July to SOth Sbptembbb 1885. 

Tiileg of Books, Donors 

AsHBUENBB, Charles A. — Brief description of the Anthracite Coal-fields of PeoDsylvania. 
8** Pam. Philadelphia, 1884. The Author. 

Beil, /. Lowthian, — Principles of the manufacture of Iron and Steel. 8** London, 1884. 

Bbonn's Klassen und Ordnungen des Thier-Reichs. Band II, Porifera, Lief. 8 — 10; and 
Band VI, Abth. Ill, Reptilien, Lief. 46—47. 8^ Leipzig, 1886. 

Chateb, Joseph. — The Indian Coalmines : is legislation necessary to regulate their work- 
ing P 8° Pam. Calcutta, 1885. Thb Authok. 

Encyclopedia Britannica. 9th edition. Vol. XIX. 4"* Edinburgh; 1885. 

Fbitz, if.— Die Sonne. 4° Pam. Basel, 1885. Natubal Histoby Society, Zubich. 
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Titles of Books, Donort, 

G6mbbl, Br. C. W, — Ueber zwei jnrasaische vorlanfer des Foramiiiifcren-6eschlechte« 

Nnmmulina und OrbituliteB. SP Pam. The Author. 

HiTOHCOCK, JEdward. — On certain points in the geology of MassachusettB. 8* Pam. 

Amherst, 1863. State Libeaby of Massachusbtto. 

Jaonaux, Raoul. — Traits de Min^ralogie appliqu^e aux arts, a Tindustrie, an commerce et 

a ragriculture. 8* Paris, 1886. 
J HDD, John IF.— On the tertiary and older Pcridotites of Scotland. 8® Pam. London, 

1885. ThB AtlTHGB. 

Mbbcalli, Giuseppe. ^BxjM' ernzione Etnea del 22 Marzo, 1883. 8^ Pam. Milano, 1883. 

The Authob. 
,, Sulla natnra del terremoto ischiano del 28 luglio 1883. 8° Pam. 

Milano, 1884. The Authob. 

„ Sn alcnne rocce eruttive comprese tra il La^o Maggiore e quello 

d'Orta. 8** Pam. Milano, 1885. The Author. 

Morgans, William. — Manual of Mining Tools. With atlas of engravings. 8° and 4^, 

London, 1871. 
Mueller, Ferdinando de. — Index perfectus ad Caroli Linnsei species plantarum. 8" Pam. 

Melbourne, 1880. The Author, 

NoBTLiNO, ^i72.^ Ueber Crustaceen aus dem Tertiar Aegyptens. 8** Pam. Konigsberg, 1885. 

The Authob. 
PaMontologie Fran^aise. 1'* s^rie- Animaux Invert^br^s, Terrain Jurassique. Livr. 78. 

8^ Paris, 1886. 
Quenstedt, Fr. Aug. — Handbuch der Petrefaktenkande. Auflage III, Lief. 23. 8" Tubingen, 

1886. 
Scientific results of the Second Yarkhand Mission ; Araneidia. By the Revd. 0. P. Cam- 
bridge. 4® Calcutta, 1886. GovEBNiiENT of India. 
ScuDDER, Samuel Jff.— Nomenclator Zoologicus. 8° Washington, 1882—1884 
Taramelli, 21 and Mercalli, O, — Kelazione suUe osservazioni fatte durante un viaggio 

nelle regioni della spagna colpite dagli ultimi terremoti. 8° Pam. Roma, 

1886. The Authors. 

Thoubon, Sir C. Wyville, and Mubbay, John. — Report on the scientific results of the 

voyage of H. M. S. Challenger during the years 1873 — 76. Narrative. 

Vol. I, pts. 1-2; and Botany. Vol. I. 4** London, 1886. 

Secbetary of State for India. 
Villa, Giovanni Battista. — Rivista geologica del terreni della Brianza. 8^ Pam. Milano, 

1885. The Authob. 

ZiGNO, Achille <2«.— Flora fossilis formationis Oolithicse. Vol. II, pts. 4 — 6. 4^ Padova, 

1885. 
Zittel, Karl ui.— Handbuch der Palfleontologie. Band I, Abth. II, Lief. 4. 8® Miinchen, 

1886. 



PERIODICALS, SERIALS, Ac. 

American Journal of Science. 3rd series. Vol. XXIX, No. 174, to Vol. XXX, No, 176. 
8° New Haven, 1885. The Editobs. 

American Naturalist. Vol. XIX, Nos. 4r-6. 8° Philadelphia, 1886. 
Annalen der Physik und Chemie. Neue Folge. Band XXV, heft 3—4. 8° Leipzig, 1886. 
Annales des Mines. 8"" stfrie. Vol. VII, livr. 1—2. 8** Paris, 1886. 

L'Aduins. D£8 Mines. 
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Annales des Sciences G^ologiqnea. Vol. XYI, NO0. 3—4. 8* Parif^ 1986. 

Annales des Sciences Naturelles. Botanique. 7'°* s^rie. Tome I» Nob. I'^fk 8° Paris, 

1885. 
Annales des Sciences Naturelles. Zfoologie et Pal^ontologie. 6"' s^rie. Tonie XYIII, N<»s. 

4-6. 8** Paris, 1885. 
Annals and Magazine of Natural History. 5th series. Vol. XVI, Nos. ^1^93. 8** London, 

1886. 
Archiv fiir Naturgeschichte. Jahrg. L, heft 5., and LI, heft 1. 8*" Berlin, 1884 and 1885. 
AtbensBum. Nos. 3007—3019. 4** London, 1886. 

Beiblatter zu den Annalen der Phjsik und Obemie. Band IX, Nos. 6 — 8. 8° Leipzig, 1885. 
Biblioth^que Universelle. Archiyes des Sciences Physiques et Naturelles. 3"* periods. Tome 

XIII, Nos. 4—6. 8** Geneve, 1885. 
Bibliotb^que Universelle et Kevue Suisse. 3"' period©. Tome XXVI, No. 77 to XXVII, 

No. 80. 8^ Lausanne, 1886. 
Fotanischer Jahresbericbt. Jahrg. X, Abth. II, heft 1. 8^ Berlin, 1885. 
Botanisches Centralblatt. Band XXII, Nos. 10—13, and XXIII, Nos. 1—9. 8* Caasel, 1885. 
Chemical News. Vol. LI, No. 1333 to Vol. LII, No. 1346. 4** London, 1885. 
Colliery Guardian. Vol XLTX, No. 1267 to Vol. L. No. 1288. fol. London, 1885. 
Das Ausland. Jahrg. LVIII, Nos. 23—34. 4° Stuttgart, 1885. 
Geological Maj;azine. New series, Decade III, Vol. II, Nos. 7 — 9. 8* London, 1886. 
Iron. Vol. XXV, No. 648 to Vol. XXVI, No. 660. fol. London, 1885. 
Jahreshefte desVereins fiir vaterlandische Naturknnde in Wurttemberg. Jahrg. 41. 8* 

Stuttgart, 1885. 
Journal de Conchyliologie. 3"" s^rie. Tome XXV, Nos. 1—2. 8* Paris, 1885. 
Journal of Science and the Ai-ts. Vols. 1—6. 8** London, 1816— 1819. 
Quarterly Journal of Literature, Science and Arts. Vols. 7 — 29. 8** London, 1'819 — 1830! 
Index to the first twenty volumes of the Quai-terly Journal of Science and the Arts. 

8° London, 1826. 
Journal of Science. 3rd series. VoL VII, Nos. 137—139. 8° London, 1885. 

The Editoh, 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science. 6th 
series. Vol. XX, Nos. 122-124 8'' London, 1886. 

Mining Journal with Supplement. Vol. LV, Nos. 2598 — ^2610. fol. London, 1885. 

Nature Novitates. Nos. 12—16. 8° Beriin, 1885. 

Nature. Vol. XXXII, Nos. 816—827. 4^ London, 1885 

Neues Jahrbuch fiir Mineralogie, Geologic und Pakeontologie. Jahrg. 1885. Band II, he(\ 
1—2. 8** Stuttgart. 1885. 

Palwontographica. Band XXXI, lief. 6—6. 4** Cassel, 1885. 

Petermann's Geographische Mittheilnngen. Band XXXI, Nos. 6 — 8. 4' Gotha, 1885. 
„ „ Supplement Nos. 78—79. 4' Gotha, 1886. 

Professional Papers on Indian Engineering. 3rd series. Vol. Ill, No. 10. Flso. Roorkee, 
1886. Thomason Collbob op C. Enoinesbikg. 

Quarterly Jourml of Microscopical Science. New series. Vol. XXV, No. 99, and Supple- 
ment, 1885. S"" London, 1886. 

Zeitschria fiir Naturwissenschaften. Folge 4, Band IV, heft 2. S"" Halle, I8861 



GOVERNMENT SELECTIONS, REPORTS, Ac. 

BBNGAL.--Quarterly Bengal Army List for July 1st, 1885. New series No. 9S. 8* 
Calcutta, 1886. Gotbbnmbkt of Iitdia. 
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Bombay, — Seleotions from the Records of the Bombay Goyemment. New series. Nob. 166 

and 170—172. Flsc. Bombay, 1885. Bohbat Goyebkmsnt. 

Bbitish Bubka. — ^Annual report of the lighthoases ofiE the coast of British Burma for 

1884-85. Flsc. BaDgoon, 1885. Chibf-Coicicissionbb, Bbitish Bubma. 

India. — DescriptionB of the meteorological stations at Calcutta (Alipore), Lacknow, Lahore, 

Nagpnr, Bombay (Colaba), and Madras. 4^ Calcatta, 1885. 

Goybbnmbitt of India. 
9, Indian Meteorological Memoirs. Vol. 11, part 4. 4^ Calcutta, 1885. 

GOVBBNMBNT OF ImDIA. 

», Meteorological observations recorded at six stations in India in 1885, reduced and 
corrected. January to April 1885. 4"" Calcutta, 1885. 

GoYBBirHBHT OF InDIA. 

„ General report on the operations of the Survey of India Department during 1883-84. 

Flsc. Calcutta, 1885. Govbbkmbmt of India. 

.1 List of officers in the Survey Departments, corrected to 1st July 1885. Flsc. Calcutta, 

1885. GoVBBNMBNT OF InDIA. 

„ Government of India. Civil budget estimate for the year 1885-86. Flsc. Calcutta, 

1885. GOVBBNKBNT OF InDIA. 

„ Beview of the accounts of the sea-borne trade of British India for the year end- 
ing 31st March 1885. By J. £. O'Conor. Flsc. Simla, 1885.^ 

GOYBBNUBNT OF InDIA. 

„ Review of the forest administration in British India for 1883-84. By B. Ribben- 

trop. Flsc. Simla, 1885. Goybbnment of India. 

„ Selections from the Records of the Government of India, Foreign Department. 

No. 202. Flsc. Calcutta, 1885. Goyibnkbnt of India. 

Madbas. — Administration report of the Meteorological Reporter to the Government of 

Madras for 1884-85. S"* Madras, 1885. Madbas Goybbnicbnt. 

M Magnetical observations made at the Madras Observatory in the years 1851-1855. 

4** Madras, 1884. Madbas Goyebkmbnt. 

„ Report on the agricultural operations on Mr. C. Kristnasawmy Mudaliar's 

estate at Shiyali. 8° Pam. Madras, 1885. Madbas Goyebnmbnt. 

„ Telegraphic longitude determinations in India. 4° Madras, 1884. 

Madbas Goybbnmbnt. 
Nobth-Wbstbbn Pboyinobs.— Civil statements of the North- Western Provinces for 1884, 
with prefatory note. Fol. Allahabad, 1885. 

GoYBBNKBNT of the NOBTH-WXSTIBN PbOYINCBS AND OUDH. 

,, Report on the administration of the Northern India Salt 

Revenue Department for 1884-85. Flsc. Agra» 1885. 

COKKISSIONBB, NOBTHBBN InDIA SaLT ReYBNUB. 



TRANSACTIONS, PROCEEDINGS, Ac, OF SOCIETIES, SURVEYS, Ac. 

Batayia.— Notulen van de Algemeene en Bestuursvergaderingen van het Bataviaasch 

Genootschap van kunsten en Wetenschappen. Deel XXIII, Afl. 1. 8* 

Batavia, 1885. The Sooibtt. 

„ Tijdschrift voor indische Taal-Land-en Volkenkunde. Deel XXX. Afl. 3—4. 

8^ Batavia, 1885. The Society. 
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Batavia.— Verhandlungen van het Batamasoh Genootsohap van kiusten cm Weten- 

schappen. Deel XLY, Afl. 1. 8* Batavia, 1886. The Socibtt. 

Bkblik.— Zeitflchrift der Deatechen Geologischen GeaellBchaft. Band XIXVII, heft 2. 

8° Berlin, 1886. The Socibtt. 

Boston. — ^Report to the Legislatare of Massaehnsetts made by the Gommusionera appointed 

under Resolve, chapter 60, 1884, npon the files, papers, and documents 

in the Secretary's department. 8* Boston, 1885. 

StaTB LiBBABT of MaBSACHXT8BTT8« 

Bbeslau.— Zweinndsechzigster Jahres-Bericht der Schlesischen Gesellschaft fiir vaterland- 

ische cultur. 8"* Breslan, 1886. Thb Socibtt. 

Bbisbane.— Proceedings of the Eoyal Society of Queensland. Vol. I, pts. 2-4. 8* 

Brisbane, 1884-1885. The Socibtt. 

BBlSTbL.—- Annual report of the Bristol Naturalists* Society for the year ending 30th April 

1885, with list of members, &c, 8^ Bristol, 1885. 

The Socibtt. 
„ Proceedings of the Bristol Naturalists' Society. New series. Vol. IV, part 3. 
8° Bristol, 1886, . The Socibtt. 

Bbussels.— Annuaire de I'Acad^mie Boyale de Belgique. 8^ Bmxelles, 1884-1885. 

The Acadbmt. 

„ Bulletins de 1 'Academic Royale des Sciences, des Lettres de Belgique. S'^s^rie. 

Vols. VI— VIII. 8° Bmxelles 1883-1884. The Academt. 

„ M^moires Couronn^s et autres M^moires publics par I'Acad^mie Royale des 

Sciences, des Lettres de Belgique. Tome XXXVI. 8"" Bruxelles, 1884. 

The Academt. 

„ M^moires Couronn^s et M^moires des Savants l^trangers publics par I'Acad^mie 

Royale des Sciences, des Lettres de Belgique. Tome XL VI. 4° Bruxelles, 

1884. The Academt. 
„ M^moires de TAcad^mie Royale des Sciences, des Lettres de Belgique. Tbnie 

XLV. 4"" Bruxelles, 1884. The Academt. 

„ Bulletin de la Soci^t^ Royale Beige de Geographic. Annee IX, Nos. 2-3. 8" 

Bruxelles, 1885. The Socibtt. 

Budapest. — Naturhistorische hefte-, herausgegeben vom Ungarischen National Museum. 

Band X, No. 2. 8"" Budapest, 1885. The Museum. 

Buenos Aibba.— Boletin de la Academia Nacional de Ciencias en Cordoba (Republica 

Argentina). Vol. VII, Nos. 1-2. 8° Buenos Aires, 1884. 

The Ac adb m t 
Calcutta.— Calcutta University Calendar, 1884-85. 8° Calcutta, 1884. 

H, B. Medlicott, Esq. 
„ Journal of the Asiatic Society of Bengal. New series. Vol. LIV^ part II, 

Nos. 1-2. 8° Calcutta, 1885. The Societt. 

„ Proceedings of the Asiatic Society of Bengal. Nos. 4-7. 8** Calcutta, 1885. 

The Socibtt. 
M Palsaontologia Indica. Series X, vol. Ill, part 6» and XIU, voL I, put 
4 (fa«c. 5.) 4** London and Calcutta, 1885« 

Gbo£ooi€al Subvbt op India. 
» Records of the Geological Survey of India. Vol. XVIII, part 3. S"" Calcutta, 

1885. Gbolooical Subtet or India. 
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Oaloutta.— Report on the ArchsBologieal Survey of India. Vol. XX. 8^ Caleatta, 1885. 

GOYBBNICENT OF InDIA. 

„ Survey of India Department. Notes for May, June, and Ang^t 1885. Flsc. 

Simla, 1886. Susvby of India. 

Cambridob, Mass. — Bulletin of the Museum of Comparative Zoology. Vol. XI, No. 11, 
and XII, No. 1. 8* Camhridge, 1885. 

Museum of Coufabativb Zoology. 

' Ohbistiania. — Norwegische Commission der Europaischen Oradmessung. Vandstandsoh- 

servationer, hefl III. Geodatische Arheiten, heft IV. 4° Christiana, 

1885. The Commission. 

Cincinnati.— Journal of the Cincinnati Society of Natural History. Vol. VIII, No. 2. 8" 

Cincinnati, 1885. The Society. 

OoPBNHAQBN. — M^moires de rAoad^mie Royale de Copenhague. 6"' s^rie. Vol. I, 

No. 11, and II, No. 7. 4** Kjobenhavn, 1885. The Academy. 

„ Oversigt over det Kongelige Danske Videnskabernes Selskabs. No. 3. 

(1884), and No. 1 (1885). 8° Kjobenhavn, 1885. The Academy. 

Dbnybb, Colorado. — Proceedings of the Colorado Scientific Society. Vol. I* 8° Denver, 

Colorado, 1885. The Society. 

Dublin. — Report of the Director of the Science and Art Museum, Dublin, for the year 1884. 

8^ Dublin, 1885. The Museum, 

„ Report on the Museoms of America and Canada. By V. Ball. S*" Dublin, 1885. 

The Museum. 
Edinburgh.— Transactions of the Edinburgh Geological Society. Vol. V, part 1. 8* 
Edinbui^h, 1885. Thb Society. 

Glasgow.— Glasgow University Calender for 1885-86. 8° Glasgow, 1885. 

The University. 

M Proceedings of the Philosophical Society of Glasgow. Vol. XVI. 8^ Glasgow, 

1885. The Society. 

„ Transactions of the Geological Society of Glasgow. Vol. II, part 2. 8° Glasgow, 

1885. The Society. 

GoTTuroBN. — Abhandlungen der EonigUchen Gesellschaf t der Wissensohaften zu Gottingen. 

BandI--XII. 4^" Gottingen, 1843-1866. 

„ Naohrichten von der Zon^^l. Gesellsohani der Wissensohaften. Nos. 1 — 13. 

8^ Gottingen, 1884. The Society. 

HARRisBUBGK^Reports of the Second Geological Survey of Pennsylvania. A A, A A Atlas, 

AC Atks, D' Atlas, and G« and H.^. 8° Harrisburg, 1880, 1882, 1883, 

and 1884. The Survey. 

KoNlGSBBRG. — Sohriflcn der Physikalisch-Okonomischen Gesellschaft. . Jahrg. XXV, 

Abth. 1—2. 4'' Konigsberg, 1884-85. The Society. 

Lisbon^—- Recueil de Monographies Stratigraphiqaes sur le Syst^me Cr^tacique du Portugal. 

1* fitude. By Paul Choffat. 4*" Pam. Lisbonne, 1885. 

Section dbs Trayaux Geologiques du Pobtugal. 

London. — Journal of the Anthropological Institute of Great Britain and Ireland. Vol. XIV, 

No. 4. 8" London, 1885. 

„ Journal of the Linnean Society of London. Vol. XVII, Zoology, No. 103, and 

XVIII, Nofi. 104—107 ; and Vol. XXI, Botany, Nos. 134-137. 8** 

London, 1884r-1885. The Society. 
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LoivpoN.— List of Fellows of tbe Linnean Society of London, 1884-1885. 8^ Londosy 

1885. T HX SOGIBTY. 

„ TranBactions of the Linnean Society. 2nd series. Vol. II, Zoolc^, parts 11 and 

13—14, and Vol. Ill, parts 2—3 ; and Yol. 11, Botany, part 8. 4** London, 

1884—1886. The Society. 

„ Journal of the Boyal Asiatic Society of Great Britain and Ireland. New series. 

Yol XYII, part 2. 8° London, 1885. The Socibtt. 

„ Journal of the Society of Arts. Vol. XXXIII, No. 1698—1701. 8® London, 

1886. The Society. 
„ Mineralogical Magazine and Journal of the Mineralogical Society. Vol. VI, 

No. 29. 8'' Loudon, 1886. 

„ Philosophical Transactions of the Royal Society of London. Vol. 176, parts 1 — 2. 

List of Fellows for 1884. 4"* London, 1884 and 1886. The Society. 

„ Proceedings of the Boyal Society of London. Vol. XXX Y 11, No. 234, and 

XXXVni, Nos. 236—237. 8" London, 1884-1886. The Society. 

„ Proceedings of the Boyal Geographical Society. New series. Vol. VII, Nos. 

6—8. 8'' London, 1886. The Society. 

„ Proceedings of the Royal Institution of Great Britain. Vol. XI, part 1, No. 78. 

8** London, 1885. The Institute. 

„ Proceedings of the Zoological Society of London. Part 4 (1884), and part 1, 

(1886). 8° London, 1886. The Society. 

„ Quarterly Journal of the Geological Society of London. Vol. XLI, No. 162. 8^ 

London, 1886. The Society. 

„ Report of the 64th meeting of the British Association for the advancement of 

science, held at Montreal in August and September 1884. 8^ London, 

1886. 

Madrid.— Boletin de la Sociedad Geografioa do Madrid. Tome XVIII, Nos. 6—6, and 

XIX, Nos, 1—2. 8** Madrid, 1886. The Society. 

Makchesteb. — Transactions of the Manchester Geological Society. Vol. XVIII, part 10. 

8"" Manchester, 1886. The Society. 

Melboubne. — Annual report of the Acting Secretary for Mines and Water-supply to the 

Hon'hle the Minister of Mines for the year 1884. PIsc Melhoume, 1885. 

Defabtkent op Mutes aed Watbb-sttpply, Victobia. 

„ Reports of the Mining Registrars for the quarters ending 31st March and 30th 

June 1885. Flsc. Melbourne, 1885. 

Depabtment op Mikes Ain> Watbb-sctpply, Victobia. 

Milan. — Reale Istituto Lombardo di Science e Lettere. Rendiconti. S^rie II, Vol. XVI. 

8"* Milan, 1883. The Institute. 

Minneapolis.— Bulletin of the Minnesota Academy of Natural Sciences. Vol. 11) No. 4. 

8° Minneapolis, 1883. The^^Academy. 

MoNTBEAL. — Catalogue of Canadian Plants. Part II, Gamopetalse. By John Maooun. 8* 

Montreal, 1884. 

Geological and Natubal Histoby Subyey, Canada. 

„ Geological and Natural History Survey of Canada. Report of Progress for 

1882-83-84. 8° Montreal, 1885. The Subvey. 

Newca8TLE-on-Tyne.— Transactions of ihe North of England Institute of Mining and 

Mechanical Engineers. Vol. XXXIV, parts 3—4. 8° Newcastle-on. 

Tyne, 1886. The Institute. 
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Nbw Hayxn.— TniiBaetions of the Connecticut Academy of Arts and Sciences. Yol. YI, 

part 2. 8** New Haven, 1885. Thb Acadbmt. 

Pabis.— Bulletin de la Sooi^t^ Q^ologiqne de France. 3""" s^rie. Tome XII, No. 9 and 
XIII, No8. 3—5. 8* Paris, 1884-1886. Thb Socibty. 

„ M^moires de la Soci^t^ G^logique de France. S*"' s^rie. Tome III, No. 3. 4t 
Paris, 1886. Thb Socibty. 

M Compte Renda des Stances de la Soci^t^ de G^graphie. Nos. 12 — 16. 8** Paris, 

1886. Thb Socibty. 

„ Jours de Solitude. 8** Paris, 1883. Botal Acadbht op Bbloiuk. 

Pbkzakcb. — ^Transactions of tbe Rojal Geological Society of Cornwall. Yol X, part 7. 

8'' Penzance, 1886. Thb Socibtt. 

Philadblfhi A.— Journal of the Franklin Institute. 3rd series. YoL LXXXIX, No. 6, 
and XC, Nos. 1-^. 8'' Philadelphia, 1885. Thb Ikstitutb. 

M Proceedings of the American Philosophical Society. Yol. XXI, No. 116 

to XXII, No. 119. 8° Philadelphia, 1884-1886. Thb Socibty. 

,9 Begister of papers puhlished in the transactions and proceedings of the 

American Philosophical Society. By Henry Phillips, Jr. 8° Philadel- 
phia, 1881. Thb Socibty. 

Pi8A.— Atti della Societa di Scienze Natural!. Process! YerbaH. YoL lY, pp. 203—230. 

8'' Pisa, 1885. Thb Socibty. 

RoMB. — Brevi Cenn! relative alia carta geologica della isola d'Elba alle scale di 1/25,000 

e 1/60,000. S"" Pam. Boma, 1885. Gbological Subyby of Italy. 
„ Brev! Cenn! relative alia carta geologica della isola d! Sicilia alia scala di 1/100,000. 

8"* Pam. Boma, 1886. Gbological Subybt op Italy. 

„ Cenn! suUa pnblioazione della carta geologica d'ltalia per Cura de B. Ufficio 
Geologico. 8"* Pam. Boma, 1886. Gbological Subyby of Italy. 

St. Pbtbbsbcbg.— Bulletin of the Geological Commission. Yol. lY, Nos. 3—6. 8^ St. 
Petersburg, 1886. Thb Commissiok. 

SHABGHAi.-^oumal of the North China Branch of the Boyal Asiatic Society. New series. 
Yols. XYIII, XIX, part 1, and XX, parts 1—2. 8^ Shanghai, 1884-1885. 

Thb Socibty. 

Stockholk. — ^Bihang till Kongl. Svenska Yetenskaps-Akademiens Handlingar. Bandet 
YI, hafte 1—2; TH, hafte 1-2; and YIII, hafle 1—2. 8^ Stockholm, 
1880—1884. Thb Academy. 

,, Kongliga Svenska Yetenskaps-Akademiens Handlingar. Bandet XYIII, and 

XIX, haOet 1—2. 4"" Stockholm, 1881-1882, and 1884. 

Thb Acadbht. 

„ Lefnadsteckningar ofver Kongl, Svenska Yetenskaps-Akademiens. Band 

n, hafte 2. S"" Stockhohn, 1883» Thb Acadbmt. 

„ Meteorologiska lakttagelaer i Sverige utgifna af Kongl. Svenska Yetenskaps — 

Akademiens. 2nd series. Yols. YI— YIL 4'' Stockholm, 1878-79. 

Thb Acadbmt. 

„ Ofyersigt af Kongl Yetenskaps-Akademiens Forhandlingar. Yols. 

XXXYm-XL. 8° Stockholm, 1881—1884. Thb Acadbmt. 



Digitized by 



Google 



246 Records of the Geological Survey of India. [tol. xvm. 

Tltle9 of Books, DvnoTM. 

ToKio.— Memoirs of the Science Department, Univeraitj of Tokio, Japan. Vol. I, parts 1 and 
2 (1879), Appendix to Vol. I, part 1 (1883). Vol. Ill, part 1 (1880), 
^os. 4—8 (1881) ; three AppendiceB to No. 6 (188% 1884, and 1886), 
and Nos. 9—10 (1883). 4*^ Tokio, 1879—1886. 

GOYEBKUBNT OP IkDIA. 

ToBiNO.— Atti della R. Accademia delle Scienze di Torino. Vol. XX, JNo. 6. 8* Torino, 
1885. The Academy. 

ToBONTO.— Proceedings of the Canadian Institute. 3rd series. Vol, III. Nos. 1 — 2. 8** 
Toronto, 1886. Thb Ibstitutb. 

' Vienna.— AbhandluDgon der K. K. Geologischen Beichsanstalt. Band XI« lief. 1. XII, 

I lief. 5. 4!* Wien, 1886. Geological Institutb, Vienna. 

„ Jabrbuch der Z. E. Geologischen Beichsanstalt. Band XXXV, heft 1-3. 9P 

Wien, 1885. The Institute. 

„ Verhandlnngen der EL Z. Geologischen Reiohsanstalt. No. 9. 8° Wien, 1885. 

The Institute. 

„ Die Meteoritensammlang des K. E. Mineralogischen Hof-Eabinetes in Wien. Von 

Dr. Aiistides Brezina. 8* Wien, 1886. The Cabinet. 

WASJaiNasos.— Bulletin of the U. S. Geological Survey. Nos. 8—6. 8° Washington, 1883 
—1884. U. S. Geological Subybt. . 

„ Monographs of the U. S. (Geological Survey. VoL III., with folio atlas, and 

Vcds. IVandV. 4** Washington, 1882-1883. 

U. 8. Gbological Subybt. 

„ Third annual report of the U. S. Geological Survey to the SeoretHfy of 

the Interior, 1881-82. By J. W. Powell. 8** Washington, 1883. 

U. S. Gbological Subybt. 

„ Compendiuin of the tenth Census of the United States. Farts 1 and 2. 

8° Washington, 1883. Dbfc ov thb Intbbiob. 

„ Report of the United States Geological Survey of the Territories. Vols. Ill 

andVUI. 4"^ Washington, 1883-1884. 

U. S. Gbological Subybt. 

„ Second annual report of the Bureau of Ethnology to the Secretary of the 

Smithsonian Institution, 1880-81. By J. W. Powell. 8'' Washington, 

1883. Thb Institute. 

WBLLiNGTQNw^-Nineteenth annual report on the Colonial Museum and Laboratory, together 

with 15th annual report on the Colonial Botanic Garden, 1883-1884. 

8^ Wellington, 1886. Geological Subybt, New Zealand. 

„ Transactions and Proceedings of the New Zealand Institute, 1884. Vol. XVII. 

8*" Wellington, 1886. Thb Institute. 

Yokohama.— Mittheilungen der Deutschen Gesellschaft fiir Natur-und Volkerkunde Osta- 

siens. Heft 32-33. 4° Tokoliama, 1885. Thb Society. 

„ Transactions of the Asiatic Society of Japan. Vol. XII, part 4, and XIII, 

parti. 8° Yokohama, 1886. Thb Societt. 

ZObich. — Neigahrsblatt berausgegeben von der Naturforschenden Gesellschaft auf das Jahr 

1882.1884. Nob. LXXXIV to LXXXVL 4° Ziirioh, 1882 and 1883. 

Thb Socibtt. 
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Zurich. — Vierteljahrschrift der Natnrforschenden Gesellschaft in Zurich. Jahrg. XXVI- 

XXIX. 8° Ziirich, 1881—1884. The Socibty. 



MAPS. 

Carta Geologica dltalia. (Isola di Sioilia). Sheets Nos. 248 to 254, 257 to. 262 and 265. 
Boma, 1884-1885. Gbological Subyby of Italy. 

Carta Geologica d'ltalia. Sezioni Geologiche. Sheets 1 — 3. Roma, 1884-1885. 

Gbolooical Subyby o^ Italy. 
Carta Geologica della Sicilia nella scala di 1 a 500>000. Boma, 1883. 

Gbological Subyby op Italy. 
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